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‘covers a range of 5,000,000:!1 
on one meter 


It’s the CVC Philips Gauge, Type PHG-09, a re- 
markable instrument developed by CVC's high 
vacuum research department. Here are the basic 
facts: 


@ A single meter covers the entire range from 
0.50 mm to 107 mm Hg. 


@ A single all-metal pickup tube handles this 
range. It works on the glow discharge prin- 
ciple. Permanent magnets provide a field which 
lengthens the electron paths into tight spirals 
that give high ionization per electron, with a 
cascade effect 
No filament to burn out. The tube can be 
operated at full atmosphere without damage, 
and the circuit is insensitive to fluctuations in 
the line voltage. 





@ No outgassing problem, The magnet is external 
to the ionization chamber. 


@ Self-cleaning. The tube at the higher pressures 
in the low sensitivity range automatically rids 
itself of deposited film because polarity is 
reversed. 


This CVC gauge is another example of our constant 
effort towards simplifying the use of high vacuum. 
For information on this or any phase of high 
vacuum creation, measurement, and use, write to 
Consolidated Vacuum Corporation, Rochester 3, N.Y. 
(A subsidiary of Consolidated Engineering Cor- 
poration, Calif.) offices: Palo 
Alto, Calif. ¢ Chicago, Ill. ¢ Camden, N.J. ¢ 
New York, N.Y 


Pasadena, Sales 


Consolidated Vacuum Corporation 








formerly 


i} 7} 


Vacuum Equipment Dept. 


< 
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Rochester 3, N. Y. 


high vacuum research and engineering 
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The 


PQ AHE ABC that appears in the symbol at 
the top of this page stands for Audit 
sureau of Circulations. The symbol it- 

self is an emblem of cooperation, in which every 

subscriber to this magazine has an interest. 

Ihe Audit Bureau of Circulations is a volun- 
tary, non-profit, Cooperative association. It was 
founded in 1914 and now consists of 3450 ad- 
vertisers, advertising agencies and publishers in 
the United States and Canada. This magazine is 
proud to be a member 

ABC. originally was set up to help take the 
racket out of publishing, to eliminate the waste 
and guesswork then so prevalent in publishing 
and advertising, to establish order and confi 
dence in place of the misunderstanding and 
misrepresentation that arose from unverified 
circulation claims and dubious circulation prac- 
tices. Its mission was to protect the interests of 


both readers and advertisers 


a 1T pip by first defining the term “paid 
circulation.” Then it established standards 
and rules to govern subscription sales practices 
and records. Finally it set up an auditing organi- 
zation to verify the claims and report the facts 
concerning the circulation of each member pub 
lication. It now maintains on that job a working 
staff of sixty-five full-time auditors. So the ABC 
symbol has become the hallmark of circulation 
standards and advertising values. Each member 
publication must maintain those standards if it 
wishes to retain its membership and display the 
ABC. symbol, 

This ABC 


When a business publication, such as this one, 


audit is no perfunctory affair. 


becomes a member of the Bureau, it agrees that 
the auditors shall have “the right of access to all 
books and records.” Their Inspec tion, therelore, 
may cover any part of its operations. Original 
subscription orders, payments from subscribers, 
paper purchases, postal receipts, arrears of pay 
ments, and many more items are painstakingly 


checked by the auditors. In many instances they 


%, 


° Ihs Mark 


x 


go behind the records to seek verification from 
subscribers themselves as to the terms of their 


subscriptions. 


N DOING ITs jos, ABC has created many 
mae for both publishers and readers as 
well as for advertisers. That is because the pub- 
lication that becomes a member of ABC thereby 
offers the strongest possible guarantee of its 
primary devotion to the interests of its readers. 
Ihe function of a business magazine is to be 
useful to its readers. When this service is rend 
ered by an ABC publication, it is constantly sub 
ject to the practical test of reader acceptance 
and approval. As each subscriber has the right 
to purchase or refrain from purchasing an ABC 
publication, that collective right confers upon 
the readers the power to say whether or not the 
publication will survive. Thus the report on its 
ABC audit provides the most direct assurance 
that a publication stays in business only because 
of a voluntary demand by readers who find its 
editorial service responsive to their needs. 

Naturally, the editor of each business publica- 
tion follows closely the score thus racked up by 
his paper in its ABC reports. In the scope and 
tone of his editorial coverage and treatment, in 
the selection and presentation of his editorial 
content, he must constantly labor to maintain 
and enhance the readers’ acceptance of his 
efforts. That is why the editorial standards estab 
lished by ABC publications set the editorial 
standards for all publishing. That is how the 
ABC constantly stimulates its member publi- 
cations to become even more useful to their 


readers. 


A’ THAT 1S WHY the ABC symbol has be- 
come the Mark of the Reader, a constant 
reminder that his willingness to pay for an ABC 


publication is the acid test of its value both to 


him and to its advertisers 


McGraw-Hill Publishing Company 
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RIOVY 


a molded boron-carbon resistor 


The inherent superiority of a boron-carbon 
resistor is now available with added 
advantages of a fully insulated unit. The 
IRC Type MBC 14 watt, 1% resistor 
offers significantly better characteristics 
plus protection against damage during 
assembly. Send coupon for detailed information. 





COMPARATIVE ADVANTAGES 
MOLDED vs. UNMOLDED BORON-CARBON RESISTORS 





Change On 40° 50%, LESS BR vowven 
Load Life 


At 500 Hours UNMOLDED 
100% AS EFFICIENT 


Temperature 
Characteristics 


Shelf Life At 60% BETTER 


Room Temperature 


Moisture 75% BETTER 


Test Reaction 


Improves Electrical 
Characteristics 








75 100 125 150 Costs No More 
Than IRC Unmolded Type 
With Protective Sleeve 


Per Cent Difference 


INTERNATIONAL RESISTANCE COMPANY 
419A. N. Broad Street, Philadelphia 8, Pa 


Please send Technical Bulletin describing Type 
MBC resistors : 


Nome 


Title 


Philadelphia 8, — ; ic: Company 
in Canada: . 


? Address 
International Resistance Co., ud, 


City 


Vol. 11, No. 10 - October, 1953 Want more information? Use post card on last page. 





CUSTOM OR STANDARD 





.»- The Guaranteed Components 


Slug Tuned Coils and Coil Forms. Single layer or pie type windings to your 
specifications. Forms of quality paper base phenolic or grade L-5 silicone im- 
pregnated ceramic. Mounted bushings are cadmium plated brass; ring type 
terminals are silver plated brass. All units include slugs and mounting hardware. 
Type C (above) available with retaining collars of silicone fibreglas. Note: 
Regular, CTC Coil Form Kit is available. Also available, new Coil Kit, Type 
X2060, with windings on standard LS-6 Forms. 


Shown approximately full size. 
‘% 1081 


Sm fon 


y 
7 
X1782 


1724 


XN X1979 : i 


* \ 


: X1S78 ~ 9034 

1 X2041 \ X2044 
x1463 X1558 eet 
‘ | 
\ x2043 i 


X1785 X1457 


X2027 Ji 
: 


Sliver-Plated Brass Standard Terminal Lugs. Twenty-eight different 
types, each available in varied shank lengths, coated with water dipped lac- 
quer for protection during storage. Other finishes include hot-tin, electro-tin, 
electro-tin lead, cadmium or gold plate on special order. Pressure and hand 
swagers available for mounting all terminals. Note: Combination screw and 
solder terminals are available in 3 sizes. 


e919 


X2045X X1942X 


X1990 
Insulated Terminals. Grade L-5 ceramic, silicone impregnated 
for maximum performance over broad humidity range. Rivet or 
screw stud type. 5 lengths of dielectric. Also available: phenolic in 
rivet or screw-stud mountings; ceramic with internal screw thread. 





HANDLE 


1120 X1786 X1552 X1774 


Hardware. Includes panel screws, thumb screws, dial locks, shaft 
locks, handles and. handle ferrules, tube clamps, terminal board 
brackets, standoff mounts and spacers. 








a) ‘. 


Terminal Boards. Standard type in cotton fabric phenolic, nylon 
phenolic or Grade L-5 silicone impregnated ceramic. Custom boards 
of cloth, paper, glass laminates (phenolic, melamine or silicone resin) 
imprinted as required, lacquered or varnished 

to specifications MIL-V-173 and JAN-T-152. 





All materials, processes, finishes meet applicable government specifications. 


Custom Made CTC Components will be quickly made to your specifications in production quantity. 


Write for Free Catalog #400 containing complete data on the entire CTC line. Includes engineering drawings on items 


pictured here as well as many other CTC components. 


CAMBRIDGE THERMIONIC CORPORATION, 467 CONCORD AVE., CAMBRIDGE 38, MASS. 
West Coast Stock Maintained by: E. V. Roberts, 5068 West Washington Bivd., Los Angeles 16, California < 


Want more information? Use post card on last page. 
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Let's talk vacuum 
in your plant! 


JX Yo 


SRE 





HERE’S THE BIG 
KINNEY PUMP LINE 


Single Stage 


Model DVH 27.20.34 1800 CFM 


Model DVM 18.14.20 780 CFM 
Model DVD 14.14.18 486 CFM There’s a qualified Kinney Vacuum Engineer in your region, 


Model DVD 14.9.18 311 CFM ready to talk vacuum in your plant. Call on him. See how the BIG 


pre om noni a os LINE .. . the Kinney line of vacuum pumps can be profitably used 


Model VSD 8.8.11 52 CFM 
Model VSM 7.7.8 27 CFM antibiotics, vacuum metallizing, vacuum production of titanium 


Model VSM 5.5.6 13 CFM and other miracle metals, vacuum fumigation and impregnation — 
and in the countless other ways vacuum serves industry today. 


in exhausting lamps and tubes, freeze-drying pharmaceuticals and 


Compound Kinney Manufacturing Co. — manufacturers of vacuum and liquid 
Model CVM 8.6.10 pumps. Boston, New York, Chicago, Detroit, Cleveland, Atlanta, 
Model CVM 5.5.6 Pittsburgh, Philadelphia, Los Angeles, Charleston (W. Va.), Hous- 
Model CVM 3534 ton, New Orleans, San Francisco, Seattle, and foreign countries. 


Model CVM 3153 NT 
a 7 Mi mOuNceMENTS 
|.NEW MECHANICAL 
BOOSTER PUMP 


iy GAS BALLAST { 4s] Mode! Me. 120°. 











t NEW Yop 
>» 4, 


when applicable — extremely high pump- 

All sizes of Kinney ing speeds (1000 CFM at 10 mi- 

Vacuum Pumps can be crons) . . . low power (15 HP)... 
equipped with gas ballast to particularly suited for metallur- 
assist in your water-oil contami- gical processes where large 
nation problems. volumes of gases are liberated. 


FOR DETAILS WRITE KINNEY MANUFACTURING CO., 
, 3614 WASHINGTON ST., BOSTON 30, MASS. 
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G-E RADIATION MONITOR ABOVE, GIVES DIRECT MEASUREMENT OF ANY STRAY RADIATION ACCUMULATED OUTSIDE THE TEST CHAMBER 


Isotope Laboratory Monitored for Stray Radiation 


The General Electric Radiation Monitor is a portable 
instrument for direct measurement of X-ray and gamma 
radiation. The device responds to low intensity radia- 
tion, indicating the amount accumulated during a given 
period of time. Completely self-contained and hermeti 
cally sealed, it requires no batteries, tubes or external 
power supply. The monitor has a range of 0-20 milli 
roentgens and is accurate to within 10% full scale. It 
is powered by an internal static charged generator. 
Manufacturer’s suggested retail price —$49.50. 


FURTHER INFORMATION 


For further information about the General Electric 
radiation monitor, contact your nearest G-E Apparatus 
Sales Office or write for Bulletin GEC-838 to: Section 
605-17, General Electric Co., Schenectady 5, N. Y. 


Gou can fru your confi ence in 
GENERAL @@ ELECTRIC 


GRAVITY. 


SWITCH TOGGLE 


SWITCH 


VOLTMETER 
PLATES 


POINTER 


INSULATOR TAUT SUSPENSION 


CUTAWAY VIEW of monitor shows operating parts. Self- 
charging gravity switch is operated by inverting the monitor. 








Radiation Sterilization 


= 


Li 


pe KE SHORTLY AFTER the discovery of X-rays 
by Roentgen in 1895, scientists have at- 
tempted to utilize the bactericidal properties of 
ionizing radiations. However, it has only been 
in very recent years, with the development of 
particle accelerators and nuclear reactors, that 


Why 


is such a radically different means of sterilization 


the possibilities have become intriguing. 


of such tremendous interest, and where does this 
interest lie? 

In the food industry, frozen foods have de- 
Their 


chief drawbacks are the refrigeration require- 


veloped a wide degree of acceptability. 


ments for storage and the attendant cost. In 


many installations, 


y military operations and 
refrigeration is either unavailable or limited in 
capacity. Although the past 20 years have 


shown great improvements in the thermal 
processing of canned foods with attendant im- 
provements in quality, there are still a number 
of canned food items today, such as certain 
canned meat products, that require a quantity 
of heat energy for sterilization that is far in 
result) in 


excess of the amount that would 


optimal flavor and texture. In addition, the 
gage of metal required in the containers for heat 
sterilization could be greatly reduced for a heat- 
less sterilization process. 

Among the many heat-sensitive pharmaceuti- 
cals used in vast quantities today are the 
metabolic endproducts of microorganisms, such 
as the antibiotics. As they are heat-sensitive, 


they cannot be sterilized by thermal means, and 


since they are produced from microorganisms, 
the difficulties in obtaining sterile products are 
obvious. Accordingly, there is great hope that 


radiation sterilization will prove useful. 


However, there are a number of problems. 

For sterilization purposes, energy require- 
ments appear to be of the order of 16.6 joules per 
gram or 1.66 & 10° ergs per gram. ‘This repre- 
sents an equivalent energy absorption of 1.05 X 
10°" eleetron-volts per gram. At the rate of 
H bond 


in, for example, a CH», group (containing 1.3 X 


25 ev as a requirement for breaking a C 


10° bonds per gram), a dose of two million 
roentgens (16.6 joules gram) could result in the 
breakage of 4 & 10" bonds per gram or approxi- 
mately 0.003 ° of the bonds present 

If approximately the same percentage of bonds 
are broken in organic components of foods when 
these are exposed to equivalent doses of lonizing 
energy, it is interesting to speculate on the 
First of all, 


very small, percentage-wise. 


results. changes should occur, 


(That 
such changes do occur has been demonstrated.) 


although 


Kven our modern physical and chemical tech- 
niques are not, for the most part, sensitive 
enough to detect changes of such small magni- 
tude as represented by 0.00347. However, the 
important point to consider is whether changes 
of such small quanta will have a physiological 
effect on those consuming the irradiated product. 

Herein lies the great point of difference be- 
tween 


foods and drugs insofar as radiation 





sterilization is concerned. Some foods are RADIATION STERILIZATION | 
consumed at least thrice daily, every day in the gl 
week, whereas drugs are consumed only infre- Pade | i ae, 
quently and in relatively small quantities, by " 
any one individual, and then usually under the 
order and control of a physician 

In addition to possible physiological implica- 
™ ee LEGEND... 
tions, there are other problems: These deal with 


Materials 
ss »% Fission Products 


the sources of ionizing energy——-accelerator vs. 
is i ‘ ste ~ ‘ ‘ “* 1 wt : ié ily , 
Isotopic, beta \ gamma radiations, reliability ted : = = -—2 Fuel ond Fertile Feed 


of production of the radiations, efficiency of Radiation 





*» Fission Product S&¥ 


utilization, personnel safety, shielding problems, 
7 EE ad Neutron 





etc. Insofar as the products are concerned, 
———® Neutron Induced 
there are a number of factors that must be con- ‘. maneateed 


sidered, evaluated and studied further—sterility 





of the products and the factors influencing it, 


taste and flavor, acceptability and a study of 
‘ ar . Fission 
various means for improving the same, packaging Product 
User 





problems, authorization by governmental regu- 











latory bodies. 





A major problem for industry is the economics 





of radiation sterilization. What will radiation 
P . Excess Package 
sources cost? In what sizes will they be avail- a 233 ond” 
. ; : Pu and U Shi 
able? How would the development of a civilian For ” 
Other Reactors 





nuclear power industry affect the economics of 





isotopic sources? 





Undoubtedly the greatest spur to the resolu- 
tion of the economic problem would be the de- 


velopment of important applications of radiation, 











pe SE OF THE GREAT SIGNIFICANCE to our 


readers of this phase of the atomic energy 
field, the editors of Nuc LEontcs have arranged 
with Prof. 8S. A. Goldblith, Dept. of Food Tech- 
nology, Massachusetts Institute of Technology, 








to obtain an extensive series of articles. Written 








by people working in the field, the articles 
Return of 
Fuel ane 
. Fertile 

intend to present the viewpoints of industry, the Moterials 


about 12—will cover the technical, economic and 


legal aspects of radiation sterilization. We also 
Neutron 
Induced AE 
government and the military. Radiation 
We hope that this series will serve as the first wae 
progress report on what may yet be the first ed 
a 


significant peacetime byproduct of our atomic I 

















energy program. Reactor b 
. Ower 























THE ( ‘OVER ware pre sentation of Sir broad prob- 
lems that must be sclved before radiation sterilization 





Component 


can become an industrial process. Dosimetry is Fustond 
Fobrication 


represe nted by a curve of tonization produced by Fertiie —— — 
Feed 














double irradiation in an accelerator 
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SOURCES OF RADIATION from projected commercial reactor complexes. 


At left is solid- 


system reactor with processing; below, solution fluid reactor with integral processing 


Return of Fuel ond Fertile Moteriais 
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Solution 
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Fission-Product Potential 
of Commercial Reactors 
and Their Processes 


One of the primary potential sources of radiation for sterilization is the 


nuclear reactor and its fission products. 


On the basis of current knowledge, 


future reactor development possibilities are related to sterilization requirements 


By DICK DUFFEY 

Division of Reactor Development 
U.8 
Washing 


Atomic Energy Commission 


ton. D. ¢ 


SALE OF POWER is now the basis for 
considering commercial reactors; how- 
ever, some feel that fission products, 
the co-product of reactor power, may 
But 


the situation with fission products is 


ultimately be of significant value. 


quite different from reactor power in 
that the competition is not defined. 
This results from the fact that there 


are no large established uses for beta 


and gamma _ radiation (apparently 


fission product's ‘‘useful”’ property) 


which, of course, has heretofore been 
Therefore, 


unavailable in quantity 


the potentialities for fission products 
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are quite speculative. It should be 
noted that there will undoubtedly be 
reactor income from neutron radiation, 
such as sale of artificial isotopes, but 
this this 


article. 


will not be considered in 


Some interest in fission products 
may stem from certain aspects of the 
profit picture. The profits from re- 
actor power, with the exception of that 
internally used by a manufacturing 
organization, may be controlled by a 
On the other 


hand, the profits from fission products 


public regulatory group. 


used indirectly in manufacturing prod- 
ucts, such as chemicals or foods, may 
at all. 


Many commercial uses for 


not be limited in this way 
fission 
Those 


economic 


products have been suggested. 


of potentially the greatest 


importance, like sterilization of foods, 
would require very large quantities 
of fission-product radiation. Although 
such large quantities can be foreseen 
when atomic energy contributes sub- 
stantially to the country’s power, the 
amounts of available fission-product 
radiation will be very much dependent 
on the type of reactors and, particu- 
larly, the type of separation processes 
used. This results from the fact that 
much of the fission-product radiation 
is from relatively short-lived materials 
and is lost from either long 
irradiation of fuels in the reactor or 


use by 


delayed processing and packaging. 

To be sure that sufficient quantities, 
as well as satisfactory kinds, of fission- 
the 


possible users should, as soon as prac- 


9 


product sources are available, 





fission 
that 


place a value on 


This 


commercial reactors and processes are 


ticable, 


products. would insure 


developed, designed, and operated 
under the premise that fission products 
are valuable materials 

The following will briefly 


fission 


mention 


suggested product uses and 
potential demands and then discuss 
the amounts of fission products that 
might be available from reactors and 
processes. Any recommendation of a 
particular reactor or processing scheme 
to produce fission-product radiation 
must be based on future economi 


studies. 


Amounts of Radiation Necessary 


Relatively large amounts of fission- 
required 
Tables 


values of 


product radiation would be 
for many of the proposed uses. 
and 3 
dosage, production of certain materials 


1, 2, relate a few 
proposed for treatment, and estimated 
treatment rates, respectively. Experi- 
menters emphasize the fact that much 
development must be done to establish 
fully the feasibility of proposed uses. 
The following figures are only toindicate 
source requirements should these larger 
scale uses develop. (Apparently some 
believe that more specialized applica- 
tions, e.g., 

which would 
quantities of fission products, 


biological sterilizations, 


require much smaller 
may be 
practical at an earlier date than the 
larger-scale uses.) 

To give some idea of the magnitude 
indi- 

the 
annual pork and milk production were 
sterilized at the Vitro rates (Table 3 
and that the sources are in use a third 
of the time; then about 4 and 90 Mw 


gross-fission-product sources would be 


of fission-product requirements 


cated, let us assume that 10% of 


respectively. Enzyme de- 
activation would 
only partial sterilization (maybe pas- 
One 


required, 
require more while 
teurization) would require less 
might argue over the utilization effi- 
ciencies, which depend on the ‘‘shield- 
ing’’ power of the material treated, the 
geometry of the system, and the effee- 
tive time that a source is in use. But 
this does not affect the conclusion that 
these larger-scale applications would 
megawatts, possibly 


require many 


hundreds, of fission-product power. 


Reactor Sources of Radiation 


radiation 


Fission-product can be 
obtained within the reactor core, from 


used fuel 


10 


elements, from separated 


products, and from the exit 
fluid-fuel 
This is illustrated on pages 8 and 9. 

Reactor core. 
of course, a very intense source of radia- 


The total 
radiation at equilibrium is something 


fission 


fuel stream of reactors. 


The reactor itself is, 


tion gamma and beta 


under 10% of the reactor power. Of 
this over 6% is fission-product radia- 
tion, and roughly half of this is gamma 
I] However, it is felt that the 
reduce the 


neutron flux to avoid activating the 


necessary shielding to 
materials being treated would reduce 
the betas 
considerably (12). sufficient 
flux 


seems likely that the reactor designer 


available gammas and 
Even if 
gamma were made availabie, it 
would find it difficult to provide for 
such radiations. 

Such use of the reactor core will not 
be discussed further because the follow- 
ing sources appear more attractive at 
No doubt this 


will receive more study in the future 


present to the author. 


by reactor designers. 





TABLE 1—Radiation Dosage for Sug- 
gested Applications 


Approximate dose 
rep” 
Sterilization of foods 2,000,000 | 
enzyme deactivation in 
10,000,000 | 
25,000 | 


foods 
Insect control in grain 
Polymerization of 


styrene 10,000,000 


*A rep 
93 ergs of 


roentgen equivalent phys sical, is 
radiation energy absorbed per 


grain 





TABLE 2-—-Examples of Production of 
Materials Suggested for Radiation 
Treatment 


A pprorimate 1949 
produttion 
Vaterial (db x JU" 


Canned fruits and vege- 

10,000 (4 
10,000 
10,000 
80,000 


tables 
Dressed beef 
Dressed pork 
Whole milk 
Fermented malt bever- 
20,000 
60,000 
300 (9 


ages 
Wheat 


Styrene 





Used fuel. Discharged fuel (or fer- 
tile material like U*%*) is a 
package of 


since the decay is 


fission- 


product relatively high 


powel short, al- 
average ol 


Handling 


though still probably an 
several days, minimum 
problems would seem to limit this to 
solid fuel elements or solidified liquid 
fuels, rather than packaged liquids. 
The fission-product power expected 
from certain reactor 


in used fuel 


designs is indicated later under “ Fu- 
Complexes.”’ In 
that 


fissionable materials, i.e., U? 


ture Reactor any 


case, it seems fuels enriched in 


, Pu, and 
U255, with their probably higher fission- 
product radioactivity would seem to 
be preferable. 

Such used-fuel sources are mobile, 
but the location of central processing 
plants and the reactors result in ship- 
ping complications. The user has 
little 


pac kage 


control over the fission-product 


which may not be a very 


useful design for radiations. Process- 


ing “cooling” retention 


requirements 


of material prior to processing to 


facilitate operations) would eliminate 
some fuel inventory charges to the user. 

Separated fission products from 
used fuels. ost 
been given to packaged fission products 
the 


will be 


consideration has 


from reactor wastes. 
There 


preparation, and, of course, production 


processing 

losses in any source 

of large quantities is not established. 
This the 


mobility and results in the prepared 


scheme provides most 
source having the least dependence on 
other the 


preparation 


operations of reactor com- 


plex, ie., fuel reactor 


operation and processing In general, 
with solid-system reactors, ‘‘ cooling,” 
processing (possibly in central plants), 
source preparation, and shipping times 
result in a decay of 
this 


shortened by new methods, the justifi- 


will probably 


months. Presumably, might be 
cation being reduced processing costs, 
particularly reduced inventory charges, 
and the value of the increased amounts 
of radiation. Fluid reactors with con- 
tinuous processing would provide the 
freshest separated fission products of all 
schemes. 

Exit fluid fuel stream. 
fuel circuit of a fluid reactor 


The external 
used fuel 
provides fission products 


In & Way 


with essentially no decay, since pump- 
are usually a matter of 

Normally, in 
fluid 


would be lost as heat. 
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ing times 
an externally 
this 


seconds. 


cooled reactor, radiation 








TABLE 3 


Assumed 
dosage 


(rep 


Liquid sterilization (e.g., milk) 


x 
Canned meat sterilization 2x 
Insect control in grain 2.5 


I 
l 
x 


Estimated Fission-Product Source Requirements 


Utilization 
Treatment 
rate radiation 


(lb/hr - 


of gamma 


0° 1 x 
(je 


10* 


9 X 
6 &X 
8s X 


10? ; 3 
108 : 8.3 X 


10 : 3.5 x 


(CUurles 


10° 


10° 
10° 


Re quired size of source 


(watts of gamma, watts total 


j- fission-product 


assuming O.7 


Me gamma power t 


10! 10 
10 2 x 
10" 3.3 > 


1.5 & 
3.6 X 
1.6 X 


10 
10 


* The utilization efficiencies are not necessarily for optimum designs so that the efficiencies should not be taken as any indication of the 
These are merely examples of per cent utilizations for assumed geometries 


relative ease of doing any of these treatments 
Assumed that beta equals gamma. 


tothe er 


Power is used hereafter as the measure of fission products, because it is believed to be of more value 
gineer than curies, particularly when considering the relation of fission products to reactors and processing 





There 
neutron flux, but preliminary studies 
indicate that this can be shielded with 


would be a small delayed 


materials as boron or cadmium 


without 


Stic h 
appreciably affecting the 
(12). A 
residence time in this external 


gamma _ intensity slightly 
longer 
eliminate these 
In addition, the 


materials proposed for treatment are 


circuit also would 


delayed neutrons. 
mostly organic, and the neutron ab- 
sorption cross sections of the compo- 
nents, principally C, H, O, N, 8, P, and 
Ca are 
for control of activation. 

this lacks 


mobility just as the reactor core does. 


fairly low, which is favorable 


fadiation by scheme 
Presumably, one might consider mak- 


ing fluid 


mobile, but offhand this appears un- 


such an irradiation reactor 
attractive, particularly because of the 
ol at the 


irradiation site and the improbability 


problem reactor coolant 
of producing and disposing of power. 
If one had a two-region reactor with 
the fertile material fluid, circulating 
the fertile material and utilizing its 
This radi- 
ation would be from product  inter- 
mediates, like Pa®** and Np**’, and the 
of 


is a possibility. 


radiation 


relatively small amount fission 


produc ts. 


Use of the radiation from Pa*** and 


Np? 
separated materials is a possibility, but 


in discharged solid units or as 


their short life might limit such use. 
Enhancement and specific radiation 

by neutron activation. Certain 

topes absorb neutrons to yield products 


1ISO- 


decaying with gamma or beta emission 
To 


result in any appreciable amounts, the 


that might enhance the radiation. 


irradiated material must have both a 
satisfactory neutron absorption cross 


and sufficient isotopic abun- 
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section 


dance, and the product must have a 
short life and vield an intense radiation 
on decay. Such irradiations could be 
by incorporation of the additive in a 
fluid fuel system or as a separate fluid 
loop in any reactor. 

This might be particularly desirable 
if to 


uses, such as chemical reactions, which 


there should prove be certain 
need a specific gumma or beta radiation 
available from such special irradiations 
but not from fission products. How- 
ever, the author knows of no significant 
specific uses of this sort reported to 
date, 'tilizing beta 


from a fluid reactor would be difficult, 


any radiation 
but use of very thin metallie walls or 


possibly plastics, might be a faint 
possibility, although hazardous. 

This enhancement amounts to trad- 
ing a neutron for a specific radiation. 
Energywise it is a poor trade (184 Mev 
and fission products potentially from 
(11) Mev 


radiation), a specific use might 


versus a few from 


but 


fission 
just ify it. 


Future Reactor Complexes 

The future fission-product radiation 
potential the type of 
reactor Four possible 


varies with 
considered. 
types of future reactors are considered. 
Solid-system power reactors. 
sider the industrial power picture when 


Con- 


reactors operate commercially to pro- 
duce power. Assume a 500-Mw heavy 
water moderated, light water cooled, 
natural uranium, power reactor of the 
type studied by the Pacifie Gas and 
Electric Co. and Bechtel Corp. indus- 
trial power team (13). (This reactor 


is chosen as an example instead of 


those reported on by the other indus- 
trial power teams, because the design 


data is presented in a more useful 


fashion for the purposes of this article.) 

We will further take W. H. Zinn’s 
assumption of a 1% consumption of 
the total uranium before processing for 
this general type of power-only reactor 
(14). 
material fissioned being roughly equiva- 
lent to 1 Mw-day of energy (14), this 
“burn-up”’ 


Using the conversion of | gm of 


1% consumption o1 con- 
verts to about 10,000 Miw-days per ton 
of fuel. On the basis of the estimate 
of 60 tons of natural U for this 500-Mw 
(13), the 
time to discharge of fuel is 1,200 days, 
say 4 that the 
reactor will probably not operate L0O% 
of the time (/6). Let make the 
further assumption that 6 months is 


reactor reactor irradiation 


or years considering 


us 


the total time for shipment to a proc- 
essing plant, cooling, processing, pack- 
aging fission products, and shipment 
With such an operation, 
of 
0.5 


fission-product 


to the user. 
batch 
vield about 


fuel could 
5OO) of 


would 


discharged 
Mw (107% & 
power. This 
decay to roughly 0.05 Mw when an- 
other batch is available in 4 yr (17). 

The total installed capacity of elee- 
trie utility 
a, a 


each 


generation plants in the 
including steam, internal com- 
bustion, and hydro, was about 75,000 
Mw in 1951, having a doubling time of 
something over 10 years for the last 30 
years (18). Let that 
1970, the installed U.S. electric power 
200,000 Mw that 
reactors are furnishing 5% of this. At 


a 25% efficiency of reactor power to 


us assume by 


is and 


capacity 


electric power (13), roughly SO of these 
500-Mw reactors would be required. 
This means that between 
10 and 4 Mw, 15 Mw 


average, of separated fission-product 


sOmmeW here 


Ol possibly 


power, less processing and packaging 
This is not 


11 


losses, would be available. 





a very large amount compared to the 
requirements for the uses suggested 
Fluid reactors. Solution fluid reac- 


tors producing Pu, U*", 


powel or 
combinations, offer the potentiality of 
immediate processing on a continuous 
basis to give the freshest of fission 
Since only one fluid reactor 
the Oak Ridg 

reactor, is known to 
probabh 


products. 
of any 
geneous 


size, homo 
have 


operated, the technology is 


fluid 


conjectural. 


processing schedules of future 


reactors are, therefore, 
It may be possible to remove the gases, 
Xe, Kr, and I quickly from solution 
fluid systems; using these and thei 
decay chains as a source has been sug- 
gested (19). 


the fission-gas decay chains are proba- 


Subsequent elements in 


bly solids at ordinary temperatures, so 
that there is not continued mobility of 
such a source. by pumping as with the 


No doubt 


certain fis- 


sion products would be allowed to build 
up in the reactor system before any 
processing, continuous or intermittent, 
is begun. 

Obviously, if these fission products 
are not removed immediately from the 
system—and it is highly unlikely that 
all of them will 
fluid 


amounts ol 


then an external fuel 


stream of reactors would have 


large available  fission- 


product power that might be utilized. 


For a 500-Mw reactor, there ts about 


original gases. 


in an early stage, and the processes and 


30-Mw of fission-product power at 





equilibrium (6% of reactor 
rs}. 


from conventional pumping experience, 


powel ) 


After cooling for 10 sec, which, 


The Fission-Product Future: 


£ seems to be a reasonable average age 
Some Conclusions sg 
product power would still be in excess of 
20 Mw (17). 
this 20-Mw value requires some extra- 


external circuit, the fission- 


Proposed large-scale uses of fission products would require 
] I 6 ieee (Although determining 
megawatt quantities of fission-product radiation. 


? The principal reactor sources of such radiation are (a) sepa- polation of the decay heat curves, it is 


rated fission products from used fuel, (b) external fuel streams believed to be a reasonable value for 


from fluid reactors, (¢) discharged solid fuel, (d) the reactor our purpose. There is also some addi- 


core itself tional gamma radiation from delayed 


neutron fission.) Assuming half of the 


A relatively large number of commercial solid-fuel reactors of 
5 fuel system outside the reactor, then 


10 and 15 Mw of 
fission-product power could be avail- 


time is as long as has been indicated. i Ta itt nattaieel atch tae 


certain present conceptions would be required to furnish 
somewhere between 


megawatt quantities of fission products, if the fuel irradiation 


such a 


The fission-product radiation potential of fluid reactors is reactor at equilibrium 


much greater than that of solid-system reactors for the same Aqueous systems seem more inter- 


amount of reactor power, because: (a) fluid systems offer the esting for such external fuel stream 


possibility of essentially continuous removal of fission products irradiation, since nonaqueous systems 
as fused salts and liquid metals 
self 


Also, light or heavy wate 


integral with operation of the reactor, with the short decay sone ¢ - : 
: . . a ¢ rf VOU » more 
time leading to very high activity; (b) external fluid fuel cure ily would provide more 
. . ° shieiaing. 
streams r fission-product radiation arge quantity (prac- 
a grant een prod : sdiation in large qua As pst would tend to moderate the delayed 
tically tree Irom neutrons). neutrons, thus aiding neutron shielding. 


As an example of the potentialities of fluid reactors, assume There would be a problem in insulating 


the hot fuel stream to prevent heat 
the treated 
from the radia- 


that problems in milk sterilization, such as taste changes, are 
“cooking”’ of 
(The heat 
tion absorbed by the treated material 


solved. Then the whole milk consumed as fluids by Chicago, damage or 
1.4 billion Ibs. in 1948 (20), 


megawatt of absorbed gamma radiation (assuming steriliza- 


could be sterilized with about 0.5 material. 


tion processing two-thirds of each day or 67% capacity factor is probably not sufficient to do damage, 
e.g., 2 X 10° rep is 4 cal/gm or about a 
bility 
studies, and will change with develop- 


on the source). Further assume that the sterilization equip- 


. ; . temperature rise.) Practica- 
ment is only 10% efficient in the absorption of gamma and aoa ee 
; esolver ) 


must be economic 


that only half of the fission-product radiation is gamma, then 
roughly one-third (or 10 Mw 
available from 500 Mw of fluid-reactor power would satisfy 


of the radiation potentially technology. Engineering 


difficult. Also, 


use of fluid reactors might not be very 


ments in 


might be very such 

this Chicago requirement 

The trend to commercial reactors, either solid or fluid systems, compatible with the production of 
U2, 

Therefore, there is a choice of using 


fluid 


in either an external circuit or 


. > . 
a trend to more compact processes on power, Pu, o1 


This should yield relatively 


probably will entail 


freshly discharged materials 
oe ere . ie : the fission-product power of a 
more separated fission-product radiation in a form more con- ; 

. . reacwol 
‘enient for packaging than do present reactors and processes. 
ventent for] 6 | as separated fission products, the total 
the 


Because of the pre- 


Present and near future costs of fission products are not availability approaching 6% of 


necessarily any indication of the costs to be expected when reactor’s power. 
very-short-lived fission 
the 


separations and packaging, it seems 


October, 1953 - NUCLEONICS 


reactors and processes of a new type operate on acommercial dominance of 


basis rather then for military purposes. products and time inherent in 








likely that the available separated 
amounts would be much less than for 
the Shipment 


from the reactor site would be limited 


external circuit idea. 
to longer-life materials. 
Slurry fluid reactors are a somewhat 
different problem. Here the amount 
of radiation in the external fuel stream 
could be about the same as for a solu- 
However, the processing 
characteristics, and, therefore, the 
separated-fission-product picture, are 


tion system. 


much the same as with solid-system 
reactors, since it is improbable that the 
the 
the same 


will get into 
offer 


continuous 


fission products 


fluidizing media and 


possibility of removal. 
The irradiation time for a power-type 
slurry reactor may approach the long 
solid-system 


periods mentioned for 


power reactors, so that comparably 
smaller amounts of separated fission 
products will be available. 

It is fluid reactors offer 
interesting possibilities for large quan- 


seen that 


tities of fission-product radiation. A 
few large fluid reactors might have the 
furnish the 
megawatt scale sources needed for large 


potential capacity to 
applications. 

Pu production reactors (solid sys- 
tems). Limiting our consideration to 
economic reactors precludes a discus- 
sion of reactors producing only Pu. 

However, some of the more obvious 
features of such a fission-product 
supply Most 
important is the fact that any such 


may be interesting. 
supply is subject to the uncertainties 
In addition, 
the desire to have Pu in 


of the weapon demand. 
because of 
weapons rather than as inventory in a 
Pu by 


fission during long irradiations, it is 


reactor and to avoid loss of 
obvious that irradiation and processing 
must be more frequent than with the 
This 


shorter irradiation time leads to some- 


powel -only reactors discussed. 


what more available fission-product 


power for a given amount of reactor 
power, 

Assume that the needs for weapon 
Pu results in a 1.3-year irradiation time 
instead of the 4 based on the 
PGE-Bechtel that 


fabrication and processing costs would 


years, 
assumption fuel 
be reduced one-third by operating the 
(16). Con- 


reactor 


reactor lor power only 
500-Mw 
6-month time to source preparation, 
one would have about 0.25 Mw (5 X 
10-* & 500) every 1.3 years (17); this 
would have decayed to about 0.08 Mw 
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sidering a and «a 





Another View .. . 


is ae 
use of radiation from reactors 
and fission products is pre- 
sented by Bernard Manowitz 
in an article starting on p. 18 
of this issue that considers pos- 
sible applications of radiation 
in the chemical industry. 


the availability and 





(1.5 X 10-* X 500) by the time an- 
other batch of fuel is available. 
Mobile power reactors. With mo- 
bile power reactors, either fluid or solid 
systems, the fission-product radiation 
supply situation is probably similar to 
that of the solid-system power reactors. 
This is because it is likely that space 
limitations and practicability would 
preclude either use of radiation with 
fuel 
continuous separation of fission prod- 


Also, 


would be toward long 


the external stream or integral 


ucts for mobile fluid reactors. 
the tendency 
irradiations to limit refueling. 

The mobile use with the least limita- 
tions on size would be naval vessels; 
these might be natural uranium fueled, 
with a supply of fission products as 
discussed previously. Reactors using 
enriched material, e.g., airplanes, would 
have a shorter “ burn-up”’ time because 
of the lack of generation of fissionable 
material. Further, weight limitations 
would tend toward high reactor power 
densities, i.e., power per weight of 
fissionable material, so that “burn-up”’ 
Thus 


enriched reactors would tend to have 


might be more rapid. such 


relatively higher amounts of fission 
products available than natural U, or 
even slightly enriched, reactors. 

In any case, shipment of fuel to a 
central processing plant, entailing loss 
ol fission-product radiation by decay, 
is probable. The supply of fission 
products might be subject to uncer- 
tainties from intermittent operation, 
particularly if military mobile reactors 


are involved. 


Trends in Processes 

Although processing has been dis- 
cussed already in relation to specific 
reactors, a few general comments on 
related 


trends as to fission-product 


supply may be pertinent. Past proc- 


esses have been primarily 


aqueous 
separations designed to recover fission- 
able material only, leaving the fission 


products as worthless wastes that are 
not particularly amenable to fission- 
product packaging. Any 
for commercial reactors must be justi- 
fied by the value of the contained 
materials, 0285, U2, U253, Pu, Th and 
fission products, in relation to the cost 


processing 


of recovery and the cost of storage or 
disposal. The competitive producers 
materials are: mining and 
refining U and Th 


separation of U**® to compete with Pu 


of these 
ores, isotopic 
and U*** for enriched power reactors, 
e.£., 
Co®, to 

There- 
fore, the supply of fission products 
would be intimately the 


and other sources of radiation, 


radium, accelerators, and 


compete with fission products. 


related to 
economics of many other activities. 

Studies indicate that the cost of a 
commercial reactor power complex 
must be considerably less than present 


With 


processing, the cost of processing can 


reactor complexes. respect to 
be reduced by less frequent processing 
(perhaps none at all) or cheaper proc- 
esses. In general, cheaper processes 
would be expected to involve fewer 
steps and increased concentration of 
materials, meaning less equipment of 
a smaller size. It would appear that 
the normal trend to commercial reac- 
giving 
cheap fission products in a useful form. 


tors is also toward processes 


* * + 


Any conclusions stated or implied in this 
those of the and are not 
necessarily the official views of the 


Energy Commission, 


article are author 


1fiomu 
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RADIATION STERILIZATION II 


ee ee 


Van de Graaff Accelerators 
for Sterilization Use 


Distinguishing between presently available electron accelerators of 
this type and possible machines of the future, the authors discuss costs and 


characteristics in the light of sterilization requirements 





By F. L. FOSTER, D. R. DEWEY Il 


High-voltage ; Compressed nitrogen atmosphere and A. J. GALE 
terminal . » prevents arc-—over 


—_——— 


High Voltage Engineering Corporation 


Cambridge, Massachusetts 
| Cathode 


Mercury 4 
* diffusion sate , 
pump machines will be the most readily 


LEAST FOR SOME TIME to come, 


available sources of radiation energy 
for industrial processing. This article 


eeas sas! 
wyesabs 


— is intended to summarize factually the 


acceleration present-day status of the Van de 
tube 


aban nakeeeeasenenes. 


euasenesenecsesess 
DI) a 


UA 


~ 


Graaff particle accelerator. Its state 


RRA RAL AS 


of development today will be described, 
and its capabilities and limitations dis- 
cussed in the light of those possible 





CLLR AERRARASRAAARLS 
manaenstenenatant seseannase 


industrial requirements that appear to 


challenge its capacity. 





The basie operating principles of a 





Van de Graaff accelerator are illus- 
trated in Fig. 1, a cutaway view of a 
2-Mev unit (type AD). Over 40 
units of this general type have been 


Insulated -..... 
bel 


built commercially. Its major com- 


YZ aga 
‘ i: 
‘ 

h 

oh 


ponents, which include the voltage 
generating column, pressure tank, 
Drift tube vacuum system, tube extension system 


and controls, are typical of all Van de 
Beam scanning coils Graaffs. 


/ 


Aside from a control console, no 

' ? 
a $$$ other accessory apparatus Is required. 
Approx. scale (ft) 


~~. 


In addition to electric power (6 kva), 


the facilities required for an installation 


are water for cooling (2 gal/min), dry 











ice to cool vacuum-system vapor 


FIG. 1. Type AD 2-Mev Van de Graaff electron accelerator. Insulated belt traps (10 Ib/day), and local radiation 


moving rapidly carries charge to high-voltage terminal, creating electric field protection, 

down length of evacuated acceleration tube. Both are surrounded by voltage 

generating column formed of series of equipotential planes separated by glass State of Development 
spacers. Electrons emitted from cathode are accelerated down tube, are di- 
verted by beam-scanning coils that sweep beam from side to side to improve 
utilization efficiency, and pass through 6-in-wide aluminum window to strike Shc 
material being irradiated some criteria important in industrial 
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Table 1 summarizes the capabilities 
of available Van de Graaffs in terms of 





FIG. 2 
celerator has total output of 12 kw 


}- 6-Mey 


have been omitted since 


ng. Existing and 
rators 
ave, to date, operated as posi- 


machines only. Converted 
ctron operation, it is estimated 
higher machines 


energy 
t kw 
vithout extensive modifications. 
ire 2 shows the 3-Mev type FD 
rator rated at 


produce 3 to of electron 


12 kw in continu- 


yperation. Beam power output 
w has been obtained from this 
ent, which was designed as a 
vpe for high-volume sterilization 
ohs. It is the most powerful 
electron radiation energy in 
ewest addition to the family of 
Graaffs is a 1-Mev unit (type 

3) designed specifically as a 
ecelerator. Its useful output 
10° gm-rep/sec, sufficient 
wess enough samples for most 

To 


on requirements, 


minimize in- 
this unit 


radiation chamber that elimi- 


ch purposes. 


has 


ed for other local shielding. 


© Te 


Production-Line Use 
While 


ents tor 


the ultimate industrial re- 


juiren ionizing energy are not 

known, probable requirements can 
well characterized: 

It seems likely that many appli- 

involve the processing of 

ol There- 


considerable power! 


material. 
of 


quantities 
amounts 
Le required, 

standpoint, this 


From a_ cost 


power should be utilized efficiently. 


3. Most 
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applications will require 


Type FD 3-Mev Van de Graaff electron ac- 


‘ 


FIG. 3. 


Type JD 1-Mev Van de Graaff unit for research and pilot 


plant purposes has shielded irradiation chamber 


ionization in depth, and many will 
demand the penetration of compara- 
tively thick products or containers. 

It is of interest to compare the capa- 
limitations of the Van 


the light of 


bilities and 


de Graaff accelerator in 

these requirements. 
Power output. The 

of any electron accelerator is simply 


power output 
the product of its average voltage times 
its average current. Since both aver- 
age and peak voltage and current are 
equivalent in the case of the Van de 
Graaff, powe! to 
calculate, the the 
Type AD generator being 
500 watts. 
Generato! 


is simple 


ol 


output 
power output 
Table 1) 
of the 


amount of material that can be proe- 


output in terms 
essed in a given time can be calculated 
by relating power output to the elec- 
10" 


machine 


tron dosage required: | 
3.8 kw-sec/lb \ 
capable, therefore, of delivering a dose 
of 1 & 10° 
lizing dose (2 « 10 
2 100% 
that 


rep 
3.8-kw 


lb sec, or a steri- 
to | 
efficiency). 


the 


rep to ] 
lb every 
It 


treatment 


sec 


(assuming 


should be noted 


accelerator varies in 
to the 
Whereas an accelerator de- 
livering 3.8 kw to the product 
completely sterilize 1,800 lb/hr, it can 


10,000 


rate of a given 


inverse proportion dosage 
required, 


can 


deliver a deinfestation dose of 
rep to some 90,000 Ib ‘hut 
As is shown in Table 1, the power 
Van de Graaffs 
to 12 kw, the 
latter power capability representing a 
(at 100% 
efficiency) for sterilization in excess of 
5,000 Ib/hr. 
not possible to utilize the beam with 
The effi- 
beam be 
affecting both 
product treatment rate and cost 
Efficiency. of 
lization the 
distribution of the beam in the product 
both in depth and laterally 
the 
intensity 


outputs of available 


range from 25 watts 


theoretical treatment rate 


Actually, of course, it is 
100% efficiency in practice 


the 
factor 


ciency with which can 


used is a major 


efficiency beam uti- 


is limited by intensity 
Figure 4 


shows distribution of ionizing 
monoenergetic electron 
a pattern that holds 
Mev that 


might be utilized for sterilization pur 


ol a 
beam in depth, 


true for all voltages above | 





TABLE | 


Total 
Ope rating power 


voltage 


(Me 


output 


25 
5OO 
12.000 


9 
“~ 
9 
“ 
9 
“~ 


watts ) q< 


) 
) 


r 


3! 
60 


8) 


Be ani 
utilization 


‘ flic weney 


} 


yf 


Capabilities of Available Van de Graaff Accelerators 


Penetration 
in water (em 
(Double irradiation 1 pprorimate 


HU ~wonization level) coal (8) 
5 ‘ 18,400 
56,200 
) 9 100.000 4 
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FIG. 4. 
ation from one side 


The shaded the ree- 
tangle under the curve represents the 
maximum that effi- 
ciently used when equal dosage must 


poses. area in 


energy can be 
be delivered to both top and bottom 
of the product. While the require- 
ment for approximately equal entrance 
and exit doses may not be necessary 
for some industrial applications, it is 
almost certain to hold for most steri- 
lization applications. 

In the example shown, that of irradi- 
ation of the product from a single side, 
the maximum efficiency of utilization 


is 50%. Ionization intensity above 
the area of the rectangle is wasted in 
overdosing the center of the product. 
That the 


passes completely through the product 


to the right of rectangle 


and is not absorbed. This efficiency 
factor can be increased to about 70% 
and the overdose minimized, by irradi- 
ation of the product from two sides 
this double 
bombardment is shown in Fig. 5 

The lateral distribution of 


The ionization curve for 


ionizing 
intensity across a stationary electron 
beam also limits utilization efficiency 
where it is necessary to deliver energy 

The 


characteristic lateral distribution pat 


across the entire product width 


tern of the electron beam is shown in 
Fig. 7, where the maximum possible 
efficiency is again approximately 50%. 

This 
proved by a technique applicable to 
This 
is the function of the electron beam 
(Fig. 1). Use of 
permits the efficiency of lateral dose 


factor can be markedly im- 


monoenergetic electron beams. 
scanning 


scanner 


distribution to be increased to more 
than 90%, a typical pattern being that 
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lonization intensity vs penetration for single irradi- 


shown in Fig. 6. Scanning not only 
increases product treatment capacity 
significantly but also nearly eliminates 
the lateral overdose applied to the 
center of a product by a stationary 
beam. 

Under the most adverse conditions 
L.e., when a given minimum dosage 
must be maintained in all parts of the 
the total 


utilization can be 


material being irradiated 


efficiency of beam 


summarized as follows: For a sta- 


tionary beam, irradiation from one 
direction gives an over-all efficiency of 
10% X 50% 
70% & 50% 
beam, the respective efficiencies are 
50% &K 9% 15% and 70% XK 90% 

63%. These 
when applied to the total power out- 
the 


25%; from two sides, 
30° 


5%. For a scanned 


efficiency factors, 

puts of available equipment, give 

treatment rates of Table 2. 
Penetration. Limited 


is the severest 


penetrating 
powel limitation of all 


present-day accelerators. In general, 





TABLE 2—Effect of Efficiency on Out- 
put and Possible Treatment Rates 


Treatment rate 
Effective (ib/ hi 
. output 
Steri- Dein- 


festing 


for ¢ qual 
entrance lizing 


and exit dose dose 


) 


iecelerator dose { 


type (watts) 10° rep 
JD (1 Mey) 
AD (2 Mev) 
FD.(3 Mev) 


200 
100 
56,500 


834 
300 7 
2.400 





lonization intensity vs penetration for double irradiation 


penetration of an electron in matter is 
directly proportional to its energy, or 
inversely 
the 
The total 
matter ol 


voltage, and 
the 


being irradiated. 


accelerating 
proportional to density of 
material 
range of electrons in unit 
density is approximately | 
2 Mev, or, 


1 gm/em?, 


cm = at 
differently, 
applications 


expressed 
For those 
equal entrance exit 


requiring and 


ionization levels (Fig. 5), useful pene- 
Mey 


Since the entrance 


tration is 0.33 gm/em or about 
at 2 Mev. 
and by 
the 
level, this distance Is tel med the pene- 
the 60% 


0.66 em 
dose lefinition the exit dose) 


is 60% of maximum lonization 


tration range at ionization 
level, 

Where double bombardment is used 
Fig. 9) 


increased 


this penetration range can be 
about 2! 2 
Mev. 


increase occurs because the 


times to OS 
This disproportionate 


tails” of 


ii, Ci 


the ionization curves are additive; it is 


a function of the slope of those curves 

The total and effective 
capabilities of the three types of Van 
de Graaff 


compared in Table ] under conditions 


penetration 


electron accelerators are 
of double bombardment 

The fact that the penetration ol the 
electron in matter is finite rather than 
exponential, has some definite ad- 
Vantages for surlace treatment appli- 
cations Klectrons can be readily used 
to irradiate a fraction of a centimeter 
of product surface to reduce or elimi- 
nate surface bacteria or to inhibit mold 
growth. Such applications appear 
promising for a number of reasons. A 
number of types of food spoilage are 


phenomena, Low 
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primarily surface 





Per cent of Maximum Intensity 


| 0 


Inches From Beam Center Line 


FIG. 6. 


scanned beam 


voltages can be used to reach the neces- 
sary depths, and the production of 
such side effects as undesirable taste 
change, therefore, is limited to a small 
percentage of the total product volume. 

Nevertheless, where thick products 
or containers are to be processed, 
limited penetration creates the need 
About 


10 Mev would be necessary to treat a 


for high accelerating voltages. 


3-in.-diameter can using double bom- 
bardment techniques. Where changes 
in packaging methods.are considered 
impractical or uneconomical, higher 
energy accelerators will, therefore, be 
required. It is felt by the writers that 
design of such equipment is principally 


an economic problem. 


Costs and the Future 

A glance at Table 1 indicates that 
capital costs increase as voltage and 
output Voltages substan- 
tially higher than 3 Mev are perfectly 
feasible today by means of simple con- 
version of the 4- and 6-Mev positive- 


increase, 


ion accelerators to negative operation. 
The cost of this modified equipment 
$250,000 
$350,000 as long as power output re- 


should range between and 
quirements are in the range from 3 to 


t+kw 


would involve increased capital costs. 


Still higher voltages or outputs 


It appears possible, therefore, that 
interrelated cost and technical factors 
will limit the useful range of the Van 
de Graaff below the maximum voltages 
attainable with this type of 
At the present time, this 
limit is known, but it 
likely to be between 6 and 8 Mev. 


Obviously, these capital costs, espe- 
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actually 
accelerator. 


not appears 


Distribution of intensity across a 5-in. container with a 
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FIG, 7. 


Optimum distribution of intensity across a 3-in. con- 


tainer with an unscanned beam 


cially those associated with the larger 
machines, are much higher than would 
be the case if any important volume of 
There is no ques- 
im- 


production existed. 
tion whatsoever that significant 
provements can and will be made. 

For applications requiring consider- 
ably higher voltages, accelerators of 
the 
required. 


indirect type will probably be 


An example is the micro- 
from 
have 


linear accelerator which 
several hundred 


attained, and which is today capable 


wave 
watts been 
of developing voltages far higher than 


for most conceivable 


One unit, now being 


will be needed 
industrial needs. 
built by Stanford University and High 
Voltage Engineering Corp., for experi- 
mental electron cancer therapy at 
Argonne Hospital in Chicago, will be 
controllable in energy from 10 to 50 
Mev. As more powerful microwave 
sources are developed, power outputs 
to satisfy the most difficult require- 
ments may become available. 

Within the range of the 
Van de Graaff, the cost of obtaining 
adequate power for high volume indus- 


voltage 


trial processing does not appear to be 


particularly formidable. The smaller 
Van de Graaffs 
adapted to low quantity production 
techniques and appear to be well suited 


are proving well 


for installation on conventional proec- 
essing lines. Higher outputs can be 
expected from industrial units, and 
multiple units may prove to be more 
economical for many purposes than 
will large very high power single units. 
This seems especially true where proc- 
carried out 


essing is normally on a 


number of filling or packaging lines. 


A brief analysis of the costs of steri- 
lization, using today’s Van de Graaff, 
indicates that the cost per pound of 
product varies widely depending on 
the equipment required for the appli- 
cation and the dosages to be used. 
Such costs today, including a 5-year 
amortization schedule, operating, main- 


tenance, and power, range from under 


ly cent per pound for high-volume, 


low-dosage irradiation to 7 cents per 
for 
irradiation, 
ating hour range from $8.00 to $36.00, 


pound low-volume, high-dosage 


Similarly, costs per oper- 


and costs per kilowatt hour from $3.00 
to $20.00. 

The major element in these costs is, 
of course, the initial capital outlay that 
must be amortized over the production 


volume. The cost of power consumed 


is negligible. Lower capital costs 


realized as a result of increased pro- 


duction will, therefore, reduce these 


figures substantially. Electron power 


at less than $1.00 per kilowatt-hour 
appears to be a possibility within the 


next few years. 
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useful for initiating chemical 


reactions. 


large-scale gamma irradiators 
are discussed, and the potential 
and cost of radiation power for 


polymerization reactions is described 


By BERNARD MANOWITZ 


Nuclear Engineering Department 
Brookhaven National Laborato 
Upton, New York 


THE FUTURE SUPPLY and cost of nu- 
clear reactor by-product  irradiators 
are such that they probably can be 
profitably used for only unique appli- 
cations in industrial chemistry. This 
is indicated by an analysis of data 
on commercial atomic power and radi- 
ation-induced polymerization. 

The present concept of nuclear re 
actors for atomic power is that heat 
energy supplied by the fission process 
would be used in a boiler supplying 
steam to a turbine-driven electric gen- 
erator. At equilibrium the fission 
process releases about 200 Mey for 
each nucleus reacting. About 80% of 
this energy appears immediately as 
heat. The beta and gamma energies 
of the fission products amount to about 
5% of the total energy of fission, and 
these are released gradually as the 
radioactive nuclides decay. 


Fission-Gas Irradiators 

While the fission-product energy is 
distributed among 20 different ele- 
ments, about 20% of it is in the gaseous 
fission products xenon and krypton for 
about | min after fission. Thus, if the 
reactor fuel is a fluid from which these 
gases could be continuously stripped, 
transferred, and trapped in a gamma 
irradiator within! min, about 1% of the 
total reactor power would be available 
for irradiations when the xenon and 
krypton are in equilibrium with thei: 


daughter nuclides. Initially, this equi- 
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The Industrial Future 


Reactor by-products are potentially 


Design parameters of 





Chemical plant 


Gammo irradiator’ 











Turbines 











Gamma irradiator uses short-lived fission gases at reactor 


librium would be achieved in about 2 


weeks, and the gamma irradiator would 
then maintain a constant power level. 

Great penetrating power would be 
achieved because the short-lived fission 
gases and their immediate daughters 
have extremely energetic beta and 
gamma radiation. But the gamma 
rays are also energetic enough to inter- 
act with light nuelei and produce 
While the neutron level 


will be low, neutron as well as gamma 


neutrons. 


shielding would be needed. 

The East River power plant in New 
York generates about 250 Mw of 
electric power; the power plant at 
Manchester, N. H., 
large industries, about 25 Mw. With 
a thermal efficiency factor of 4, nuclear 


typical ol many 


reactors used to satisfy similar de- 
mands would require a heat supply of 
100-1,000 Mw, providing a gamma 
radiation power supply of 1-10 Mw in 
associated gamma iradiators of the 
type described (Fig. 1). 

One disadvantage of such gamma 
irradiators is that they would neces- 


sarily be located at the reactor site. 


Mobile Gamma Irradiators 
Periodic processing of spent reactor 
fuels to obtain the relatively long-lived 
fission products would make mobile 
gamma  irradiators possible. The 
amount of fission-product power avail- 
able as a function of time of burnup of 
fuel and time of cooling of spent fuel 
before fission-product extraction and 
use can be calculated from the Borst- 
Wheeler curves (1). Assume 180 days 
of burnup time, 100 days of cooling for 
fission-product 


short-lived mobile 


powel and 1,000 days of cooling for 
long-lived fission-product power. 
Then there would be 0.7 Mw of short- 
lived fission-product powel and 0.03 
Mw of long-lived fission-product power 
available from a 1,000-Mw_ nuclear 
reactor every six months. 

When we consider that mixed fission 
products are available from all sorts of 
nuclear reactors, it seems reasonable 
that there some day will be a supply of 
10-kw mobile gamma _irradiators. 
Likewise, when we consider that the 
scheme described is just one way in 
which the gamma power of a nuclear 
reactor can be utilized, it seems con- 
ceivable that a 1-Mw gamma irradia- 
tor can be built in association with a 
nuclear reactor. 

ftoughly one-half of the total fission- 
product energy is beta, the other half 
gamma. The gammas will be used to 
create ionization in the material to be 
treated. The betas, with much shorter 
ranges, will be absorbed in the mate- 
rials of construction of the irradiator, 
and will dissipate their energy in the 
form of heat. This heat must either 
be used in the process or removed from 
the system. 

Another important characteristic of 
the fission products is their half-life as 
a function of time. For short decay 
times the half-life of the fission prod- 
ucts is approximately equal to the de- 
cay time. After 6 years of decay, 
however, the fission-product power 18 
relatively constant (30-year half-life) 
at a small fraction of the initial power. 
After 100 days of cooling the fission- 
product gammas are no longer ener- 


getic enough to undergo a (y,n) reac- 
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of Radiation Chemistry 


Processing unit._ 


Irradiated feed-- 


To bottoms storage 


FIG. 2. 


that no radioactivity would be 


duced and no neutron shielding 
vould be required for mobile units. 


be a mobile supply of short-half-lived 


ve can consider that there will 


materials that will require replacement 
or replenishment, say every 6 months, 
ind there will be a smaller mobile Sup- 
very long-lived materials that 

be a relatively constant source 

for periods up to 30 years. 

One conceptual design of a gamma 
is that of 


fission products on the shell side, ma- 


rradiator a calandria with 


terials to be treated on the tube side, 
shielded with 30-100 tons of high den- 
sity material, all mounted on a railroad 
flat car (Fig. 2). The calandria and 
shield have a secondary cooling system 
for heat removal. Chemical reactions 
with high heats of reaction might re- 
quire expanded cooling systems. 

The unit is delivered to the process- 
ng plant, connected to the fluid lines 
of the material to be treated, used until 
the radiation power falls below desired 
levels, and is then returned, 

Since the radiation from the fission 
products cannot be turned off, the fis- 
irradiators con- 


sion-product pose a 


siderable personnel hazard problem. 
The irradiation must be so 
shielded that to be treated 


easily exposed and removed 


devices 
material 

can be 
from the 


hazard to operating personnel. 


radiation zone without any 


Future Costs 

To justify applied research and sub- 
sequent technological development. in 
this field, it is relevant to inquire into 
the potential cost of fission-product 
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Coolant 
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power. One can have but tenuous 
hopes ol approaching a realistic cost 
picture at so early a date, but, it is 
valuable to grope for cost limits. 

In terms of design complexity, and, 
hence cost, the investment in an atomic 
power plant is likely to exceed that of 
an equivalent fission-product irradia- 
tor. Thus, atomic powel! costs might 
give an upper limit to probable cost. 
costs for steam 
power approximately $150/kw. 
Cisler (2) that 


atomic power must not exceed $260/kw 


Present investment 
are 
has estimated future 


to compete eventually with steam 
Presumably this rate would 
apply to large power stations. Thus 
a 200-Mw power station (S00 Mw of 
atomic heat power) would cost about 
$52,000,000. 


We are, however, interested in much 


power, 


smaller scale plants It seems reason- 
able to make use of the chemical engi- 
neering estimate that plant costs vary 
as the 0.6 power of the scale-up factor. 
On this basis a 1-Mw irradiator would 
cost $1,000,000, a 10-kw unit $60,000. 


Polymerization Possibilities 

With these ideas of what this device 
might look like and how much it might 
cost, let us look at what it ean do in 
terms of pounds of product manufac- 


tured. data on 


bulk polymerization reactions initiated 


Some experimental 


by gamma radiation is assembled in 
the table on p. 20. 
are chemical chain reactions where the 


These reactions 


radiation must supply only the initiat- 
ing energy. I have taken the yields 
at about 10-30% 
further calculations have assumed that 


conversion and in 


Product to filtration, drying 


“grinding and packaging 


-| ft lead shield 
Radiation source 


Coolant 


Mobile gamma irradiator using processed fission products can be transported by rail 


the conversion rate is linear with dose. 
This 


some cases, such as styrene and methyl! 


is conservative in 


assumption 


methacrylate polymerizations, where 
the conversion actually increases with 
dose, and is optimistic in others such 
as solid-state polymerization of acryla- 
mide, where there is a saturation effect. 

For the purposes otf this discussion 
a l-Mw and 
irradiator is considered 
half of the total power is beta power, 
with all beta power wasted as heat in 
Also assume that half of the 
into ionizing the 


a 10-kw gamma 
Assume that 


usage ol 


the core. 
gamma goes 
materials being treated, and the other 
half into the shield. To be 
consistent with the assumption that 4 
of the total power available is utilized, 


powel 


heat in 


assume that the average intensity in 
both the 1-Mw and 10-kw irradiators 
is only | megaroentgen per hi 

To calculate the pounds per hour of 
product each of these irradiators can 
manufacture, it is next necessary to 
know the dependence of the over-all 
rate on the intensity of the radiation 
field. Three 
sidered. One is based on the assump 
tion that the over-all rate is independ- 
ent of the field intensity, the second is 
based on the assumption that the over- 


have been con- 


cases 


all rate has a half-order dependence on 
the field intensity, and the third as 
sumes that the over-all rate is linearly 
The 
only experimental evidence we have on 
the effect of field intensity is for the 
case of styrene polymerization, and 


dependent on the field intensity. 


here the rate seems to be linearly de- 
For 


however, let 
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pendent on the fiela intensity 
the sake of conservatism 








Experimental Data on Gamma-Iinitiated Polymerizations and Extrapolated Production Data 


Polymerization 
reaction 


reonomer 


Styrene 


Methyl methacrylate 


Perfluoropropylene 


Perfluorobutadiene 


Perfluoroacrylonitrile 


Ethylene 


Acetylene 


I 
Gamma field 
Temp 
hr "et 


intensily 


250.000 
190.000 
250.000 
250,000 
250.000 
250.000 
235,000 
235,000 
250,000 
120.000 
120.000 


30-80 
190 
120.000 30 


250.000 0) 


Acrylamide 


Polymer 


k, yield 
(% converted molecular 
megaroentgen) weight 

20,000 

70,000 

300,000 

~70,000 
~ 160,000 
~250,000 
~600 


~325 


9 
6 
17 


20) 


Production capacity 


(lb/hr/Mw) 


kal kal 


const 


720 1,440 
1.400 10,000 
20,000 10,000 


2,880 
24,000 
80,000 
0x 10 
5 LO 
0 10 


1 x 
138 X 
340 X 


108 
10 
10% 


80 kK 10 
10% 


108 


260 
6SO X 
280 573 1,190 


180 985 1,970 


200 100 
574 


500 


SOO 
200 
OOU 


1,670 


14, $1,600 


260 565 2,170 


10,000 10—-80,000 SO—160,000 





us use the half-order dependence as an 
assumption for intercomparison 

It should be pointed out that the 
bulk 


polymerizations to obtain mechanism 


experiments were performed as 
information, and that bulk polymeriza 
tion, in most cases, probably would be 
impractical on a commercial scale 
However, the rates of polymerization 
in suspension or emulsion polymeriza 
tion would be faster, since the solvent 
radicals 
The 


faster rate would tend to balance the 


would also contribute free 


to initiate the polymerization. 


lower concentration of monomer within 
the reaction zone, so that extrapola- 
bulk 


should not be too unreasonable a guide. 


tions based on polymerization 
The first two reactions are the poly- 
merization — of 


methacrylate. 


styrene and methyl 
Note that the molecu- 
lar weight of the polymer varies di- 
rectly with the ambient temperature 
rather than inversely as do polymeriza 
tions initiated by thermal or catalytic 
means. This phenomena will occur in 
all polymerizations initiated by radia 
tion because the initiation rate will be 
The 


ove! 


temperature independent. con 
trol of 
ranges 
which radiation might be applied. 


When 


mental rate information to production 


molecular weight wide 


is one unique way, then, in 


we extrapolate the experi- 


capacities in terms of pounds per hour 
per megawatt, we see that tremendous 
quantities of polystyrene and even 
more tremendous quantities of poly 
methylmethacrylate could be produced 
by a 1-Mw irradiator. However, if 


the 1-Mw irradiator is merely replacing 
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a standard reaction vessel plus less than 
a ton of catalyst per day, the economic 
advantage of using an irradiator is not 
apparent. One interesting possibility 
with 
that 

be 


accomplished rather than the batch 


is that of making an irradiator 
field intensities high enough so 
continuous polymerization could 
operation used today. 

The real driving force towards ex- 
ploiting this technique, however, de- 
pends upon producing a material that 
has unusual and highly desirable prop- 
erties. No physical tests have been 
made on the radiation polystyrene and 
but 
materials are not expected to differ 


polymethylmethacrylate, these 

much from the commercial variety. 
The 

the 


new 


next three reactions indicate 


entirely 
Polyperfluoropropyl- 


possibilities of making 
polymers. 
ene polyperfluorobutadiene, and poly- 
perfluoroacrylonitrile have never been 
made before by any other technique, 
to my knowledge. The yields were 
low and the polymers formed had low 
molecular weight, but:these experi- 
ments do demonstrate that radiation 
is a powerful free-radical producer. 
The polymerization of ethylene in a 
radiation field is indeed an interesting 
case, and might have a considerable 
commercial potential if our extrapola- 
tions are found to be valid, and if the 
polymer turns out to have reasonably 
Bretton and 
his coworkers (3) have demonstrated 
that 
appreciable rates at temperatures in 


good physical properties. 
polvethylene may be made at 


the range of 200° C and at atmospheric 
the 


pressure, Since present com- 


mercial process requires more highly 
elevated temperatures and extremely 
high pressures, this system certainly 
should receive further study. 
Polyacetylene has also been made by 
Should the 


proper ties 


the radiation technique. 


polymer have interesting 
it could be made at appreciable rates. 
The solid-state ol 


acrylamide ot 


polymerization 


another example 


Is 


& unique application of radiation. 


Acrylamide is a crystalline solid that 
melts at 84° C and can be polymerized 
to 150° C. The table in- 


dicates that it will polymerize at 


by heating 
an 
appreciable rate in the solid state in a 
field. 
ization could 


radiation Solid-state polymer- 


be a way of producing 
polymers with new properties. 

A careful study of the mechanism 
of radiation-initiated polymerizations 
should point out other ways in which 
this tool may be used advantageously. 
For instance, using radiation, it should 
be possible to enhance branching dur- 
As 


work with polyethylene has shown (4), 


ing polymerization. Charlesby’s 
it is possible to crosslink chains. 
Other chemical reactions can also be 


induced by radiation. 
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TABLE 1—Alpha and Li? Ranges in Air, Water, and 
Undeveloped NTA Emulsion 


: sperma roe 





a-particle 
Energy Atr*™ Water NTA Air 
(Mev) (mm) (mm) 








10. 

13. F : 
( 17.0 ; 10. 

* From Pollard and Davidson (16). 

+ Stopping power of NTA emulsion relative to air was taken 


as 1,600 from computations by Webb (/6) and experimental 
observations by Lattes, ef al. (17). 


Boron decay 


Boron Detection tn Tissues 
Using the (n,a«) Reaction 


Autoradiographic results obtained with the B'’(n,a) Li’ reaction indicate that 
a method can be developed for determining boron distribution at low concentrations. 


Improved statistics should be attainable with more intense neutron fluxes 


By GIOVANNA MAYR,* H. D. BRUNER,{ and MARSHALL BRUCER 


Ved dD on, Oak Ridae Institute of Nuclear Studies 


ION to the larger problem of | have not been exploited for tissue ir-  tionately increased over those taking 

eutrons for medical purposes, radiation because of technical difficul- place in the rest of the body This 

s to irradiate neoplasms, experi- ties in producing and controlling a pure — differential dose would be most  bio- 

ere made to determine whether beam and because an early study re- logically effective if the nuclear rea 

ild be detected in tissues at ported such discouraging results (J). tion were to give rise to short-range 
concentrations using the Although thermal neutrons exist essen- highly ionizing a particles. 

a)Li’ reaction. tially as a neutron cloud (velocity of Early biological experiments (2-6) 

neutrons, while they can be circa 2,220 m/sec at 0.025 ev), they confirmed the physical predictions 

t a local region of the body can be pinpointed by creating in one Most recently, while our experiments 

area of the body a localized concentra- were in progress, Sweet and Javid 

Appress: Department of tion of some element having a high 7, 8) described their initial studies on 

University of Milan cross section for thermal neutrons. the use of this principle to treat brain 

The number of nuclear reactions oc- tumors, 


: (DDRESS Department | of 
Emory University, Georgia curing in that area would be propor- Isotopes having (”,a) or 
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are Li®, B®, and U Since 


only boron shows a tendency 


tions 
to con- 
centrate in a body tissue, it has re- 
ceived most attention. 

Natural boron is composed of 18.45% 
B” and 81.55% B". The latter 


a negligible capture cross section for 


thermal neutrons compared with the 
value of 3,900 barns for B' (9, 10). 


Use of electromagnetically separated 








grations where an excited state of Li 
is reached, the Li’ nucleus takes 
41, X (2.316), or 0.842, Mev, and the 
a particle, 74, * (2.316), or 1.47, Mev. 
Similarly in the 7% group, where the 
directly, the 
Mev, and the 


reached 
Li’ nucleus takes 1.01 
a particle, 1.78 Mev. 


The ranges of these particles in air, 


ground state is 


water (tissue), and undeveloped NTA 





FIG. 2. Neutron-source box with plugs half out and slide box showing 


B"” in place of natural boron would 
increase the number of reactions and 
energy liberated nearly fivefold 

The B" nucleus produced by capture 
of a neutron by B" is unstable and dis- 
integrates at once according to the 
schema shown in Fig. 1, with a Q 
value of 2.79 Mev (11, 12, 13) 

Since momentum is conserved in this 
reaction, the available energy is dis- 
tributed between the Li’ nucleus and 


the @ particles according to their rela- 
In 93% of disinte- 


tive masses (14). 


emulsion (Eastman) are shown in 
Table 1. These calculated 
agree with the graphic data published 
by Herz (18) on unspecified nuclear 
track emulsions and on the experi- 


mentally observed range distribution 


ranges 


ol a particles produced by the B'°(n, 
a)Li itself (19). The Li’ 
ranges were computed by W. G. Pol- 
lard from Ry (2) = (76)Ra(4E/7) + C 
where R,\(2) is the range of the Li 


reaction 


nucleus in air at energy FL; Ra(4k/7) 
is the range of the a-particle in air at 


(44)E; and C is an additive correction 

factor taken as 0.13. 
Localization of boron. 

efiective 


boron 


most 
localization of must 
take into account both the differential 
distribution and the absolute numbers 


of B 


Following large, toxicologic doses of 


atoms present in the tumor. 


the borate ion in both man and experi- 
the 
sumably all the boron showed a distinct 


mental animals, borate and _ pre- 
concentrate in nervous 
in that 


the nervous tissue contained 


tendency to 
order . 
2 to 7 


times as much borate as the liver (20). 


tissue, liver, and skin, 


Smaller doses 
might 
tributions. 

with 
the dose distinctly affects 


more “physiologic” 


result in quite different dis- 
It has been shown in con- 
nection studies on gallium that 
the size ol 
the differential distribution pattern of 
21). 


In addition, some chemical form of 


the metal 


boron other than the borate ion might 
Another 
distribution of 


a different distribution. 
that the 
a given ion in normal tissue may not 
hold for 
tissue due to its 
or the 


yive 
variable is 
" 
the neoplastic form of that 
peculiar metabolism 


changed “blood-brain circula- 


tory barrier.” 


Procedure 
The analytical method explored here 


intended for studying concentra- 
the limits of 
Also, by use of B®, a 


good distinction can be made 


the 


W 
WW ii> 


tions below chemical 


methods rea- 

sonably 
normally 

the 

administered dose of boron 

A Po-Be neu- 


22 mm in diameter and 22 


boron present 


the 


between 


in traces all over body and 


Source arrangement. 
tron source 
tall in the exact 


mm was embedded 


center of a 38-cem cube of moderating 
paraffin sheathed with wood and cad- 
At the center of each of the 4 
lateral faces of the cube, a rectangular 


Lucite, 3.5 * 8 


mium 


box of em (inside 


dimensions), extended into the paraffin 
so that the center of the inner face of 
each box was exactly 9.0 em (radially) 
from the center of the source (Fig. 2). 

Rectangular plugs of paraffin cov- 
ered with Lucite were constructed to 
fit snugly into these caves. Each plug 
carried on its inner face a small hollow 
box of black Lucite into which were 
placed the 1 X 3 in. slides of tissue and 


the Kodak NTA 


Fig. 2). When the loaded boxes were 


Mastman plates 
in place in the caves, the centers of the 


films were exactly 10 em from the 
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The slightly 
the 
source 


the 
greater distance of ends of 
slide the the 
(maximum of 7.5 mm) appeared to be 


source. 
the 
center of 


center ol 
irom 


negligible. 

Careful measurements using indium 
foil showed that all positions in each 
slide box were subject to the same neu- 
tron flux within the limits of accuracy 
of counting the activated foils (1.3%).* 
This is a result of the source not being 
a point and the preponderance of iso- 
The peak 


tration of thermal neutrons from such 


tropic neutrons. concen- 
a source in paraffin is approximately 
10 em 


{ neutron 


radially +4 
5.76 XK 108 


obtained by an 


flux of 


Wiis 


neu- 
trons, cm*, sec 
located at 

the 


neutrons 


the positions 
Nearly 
the 
ac- 
the 
This 
value was corrected during the experi- 
ments in accordance with the 138-day 
Po?!”, 
during these studies were 8 to 14 days. 
the proximity of the 
each of the four lateral 
cube, a BF, propor- 
detected negligible 
numbers of slow neutrons. Neutron- 
film badges and BF; pocket 
meters showed that this activity con- 


indium foil 
occupied by emulsion. 


50% of these were in 


epithermal region (3 ev or less) 


cording to measurements with 


indium sandwiched in cadmium, 


half-life of The exposure times 

xcept in 
caves on 
faces of the 
tional counter 


sensitive 


stituted no hazard. 
The gamma activity at the surfaces 


of the cube measured 15 mr/hr using 


a Cutie-Pie calibrated against radium. 
The Po-Be mixture was the source of 
0.S-Mev per 2X 10 


one photon 


a-particles, or 1 per 15 neutrons, and 


t.5-Mey 


nuclei formed, since one goes to the 


of one photon per two C® 
ground state via the first excited level. 
Other photons are emitted in the (n, y) 
reactions with components of the mod- 
and shield. This 


y-radiation, plus that from activation 


erator level of 


in the glass slide and the 
back- 


The use of plastic slides 


of nuclei 
emulsion, gave only a slight 
ground fog. 
in place of glass definitely reduced 
logging 

Sample preparation. 
B'’ (98% pure) was converted to the 
borate by fuming HNO, and purified. 
This boric acid was dissolved in enough 
water to make a 5% (0.81M) solution 


after it had been adjusted to pH 7.4. 


Powdered 


* The foil was calibrated by Dr. Ek. D 
Klema, of the Oak Ridge National Labora- 
using an experimental reactor. 
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Each of four adult male mice re- 
the equivalent of 1 mg of 
H;B"O;/g body weight plus wash-in 
saline to make a total volume of in- 
jection of 0.025 ml/g body weight. 


Two mice were sacrificed 24 hr after 


ceived 


injection and one each at 12 and 48 hr. 


Ten tissues, including a blood clot, 
were removed from each animal and 
One half was fixed in 4% for- 
dehydrated, and em- 


halved. 
malin, washed, 
bedded in paraffin using standard histo- 
The other half was 

the snap-freeze- 
the 


proper precautions, minimizes trans- 


logical techniques. 


fixed and dried by 


vacuum technique, which, with 


location and practically obviates leach- 





TABLE 2—-Average Track Count per 
Field for Eight Preparations 


H,BYO 
concentration i tracks field 
‘ +S. ).* 


0.17 
0.20 
0.16 
17 
18 
10 
09 
09 
10 


: an 
I 7 + 0.10 (33°) 


* Mean background a-track count was 
0.07 8.D. 0.06 and should be subtracted 
to obtain net tracks per field. 





borate. micron 
sections the 


paraffin block were mounted on plastic 


the 
from 


hr rty 


middle of 


ing of 
each 


microscope slides but not stained, 

By use of appropriate plastic and 
the tissue sections were 
mounted so that the 
cleared the surface of the emulsion. 
They were then packed in the light- 
tight boxes on the ends of the plugs 


paper spacers, 


section just 


and exposed to the neutron flux for 
8 to 14 days. 

The 
D-19 for 5 min and 
10 min. 
realigned on its developed autoradio- 
gram and the margins of the tissue 
outlined on the film using low-power 
magnification; artifacts, if 
were blocked out 


developed in 
F-5 for 


The tissue section was then 


emulsion was 


fixed in 


present, 
These areas were 


then examined under oil immersion 


970) for @ tracks 


Track counting. A reticle in the 
ocular was used to mark off 1,600z°, 
the unit area counted. 

The a@ tracks counted were straight 
thick tracks between 2 and 5.59 long. 
The minimum of 24 was possible be- 
cause the background fog low 
enough to permit definition by use of 
Therefore, the 


originating 


was 


three grains. great 


majority of a@_ particles 
beyond the 6u depth in the tissue 
would not have enough residual energy 
Actually, 


“effective” 


to register on the emulsion. 
however, the 
depth, when worked out by reference 


maximum 


to a series of geometrical approxima- 
tions, proved to be 3u. This results 
from the fact that the particle must 
enter the emulsion at an angle of be- 
tween 0 and 60 deg to the horizontal; 
at greater angles, the grains are too 
distinguishable. 


20% 


superimposed to be 
This 
of the hemispherical volume of emul- 
Also, the 
the 
this 
travel if it 


waste comprises nearly 

sion theoretically available. 

the 
the 


60-deg maximum must it 


deeper point of origin of 


particle, more closely to 


is to have enough remaining energy 
to activate three grains. 
Tracks of protons and y-rays were 
easily distinguished from the @ tracks; 
Li’ tracks were never clearly identified, 
Blank 
drops of H,B'O, dried on the slides 
filter 


with 


preparations, consisting of 


and of paper heavily 


H, BOs, 


studies of 


impreg- 
used in 
tracks, 
the 


were 


were 
the 


containing 


nated 
preliminary 


Sections of gelatin 


equivalent of 1% or 5% H,B’O 
used to simulate tissues having an even 
distribution of borate, a condition 
that probably does not exist in vivo. 
In one large series of measurements, 
the background count of the emulsion 
was 0.07 + S.D. 0.06 tracks per reticle 
field. 


against 


Nevertheless, as a precaution 
random contamination, back- 
ground counts were made on each 
slide processed; approximately 20 fields 
located 5 mm beyond the margins of 
the tissue were examined, 

The 
embedding appeared 
to make no difference in the back- 


ground or track counts, so the sections 


presence of paraffin used for 


and sectioning 


were not cleared after being cemented 
to the slide. 

All sections and slides of an experi- 
ment were handled and processed to- 
gether to eliminate, as far as possible, 
differences in 


variations caused by 


temperature, timing, concentration of 


23 








TABLE 3—Tracks per Reticle Field of Tissues from Four Mice Sacrificed 12, 24, and 48 Hr after Injection* 


Tissue 


Blood clot 
Brain 
Heart 
Kidney 
Liver 
Spleen 
Pancreas 
Lung 
Muscle 


Testes 


* Tissues were prepared by either 


24 hr 


; 


or quick freeze- 





all the NTA 


and all of 


solutions, etc. Similarly, 
plates were stored together 
the exposed plates ol an experiment 


developed and fixed at one time 


Results 

The a-track counts on eight prepara- 
tions of 1% and 5% H,B"Os in gelatin 
Table 2. Thirty 
counted for 


presented in 
fields 
preparation, 
the 
mean were 5 to 7%, but the standard 
the 
This was largely an effect of the small 
field and the 
excessive skewness produced by 
field. 
average number of 
from the 1%-H,B’O 
significantly different from the back- 


are 
reticle each 
At both concentrations, 


from the 


were 


maximum deviations 


deviations of means were high. 


numbers of tracks per 
Zero 
Consequently, the 
tracks per field 


gelatin was not 


counts per 


ground, since the standard error of the 
difference the 
(0.30 and 0.07) was +0.12 
The 5%-H,B"O,-gelatin counts were 
different; the 
+0.19. Where 


per field numbered 15 to 20, as 


between two means 


standard 
the 


significantly 


error was tracks 
with 
the 


3 to 


the B'-impregnated filter paper 
standard deviations were usually 
6% of their means despite the irregular 
keven the highly 
H,B'’O, gave 


counts whose standard deviations were 


surface of the paper. 
irregular crystals of 
less than 15% of their means 


The average net number of tracks 
5%-H B’O, gelatin 
only 4.5 times that of the 1% mixture 


likely 


having 


beneath the was 


This was most due to the two 


series of slides been put up, 


exposed, and developed separately. 


For quantitative work involving inter- 


series ol standard 


comparisons, a 


24 


tissues”? having known concentrations 
of B' 


each set ol 


would have to be exposed with 
“unknown”’ tissues. 

In Table 3 are the average numbers 
field on the 
tissues of the 4 mice; the neutron-flux 


of a reticle 


tracks pet 
exposure was 10 days. ‘Twenty reticle 
fields were averaged, except when the 
small, when twelve 
Background counts 
0.06 tracks per field. 
seven of the thirty-seven 


tissue was too 


were counted. 
average 0.07 
In only 
instances did the track counts of the 
formalin-processed tissues agree with 
those of the frozen-dried. In the re- 
maining, the frozen-dried tissues gave 
the higher count by 
5 to 1. 
took place during the wet-processing, 
the 
the 


counts 


a frequency ol 
This suggests that leaching 
section 
the 


made on 


even though tissue 


taken 


and 


Wiis 
block 
the 
However, 


from center of 
the 


central part of each section, 


were 


as pointed out in connection with the 


sections, such low counting 


make it 
statistical 


gelatin 
rates assign 
significance to any of the 
the table. Thus, the 


data of the table are intended to show 


impossible to 
differences in 


merely that reasonable, consistent data 


can be obtained by the procedures 


described, 


Discussion 

The 
1, and 
pected from a 


number of nuclear activations 


therefore of a-particles, ex- 
specimen presenting a 
surface of S em? at a distance of r em 


from the source is (24) 


) la N 


thermal flux of a 
Here it is 


in the indium foil ecalibra- 


F the 


point 


neutron 
source combined 
with S/ 4a 
tion value for thermal neutrons 10 em 
the source and is 


from the center of 


5.7 * 10° n/em?/see. F is variable, 
although in this experiment it is con- 
stant 


increased indefinitely because the back- 


neglecting decay. F cannot be 
ground fog would also increase to the 
point of interfering with identification 
of the shortest tracks. 

t = the duration of exposure in sec- 
onds. It is limited due to fading of 
the latent 


S.64 & 10° sec 


and expediency: 
10 days. 

oO the absorption cross section for 
the B', For the 


thermal neutrons 


images 


reaction with mIx- 


ture of slow and 
here, it is a constant of approximately 
3.9 X 10 


9 10) 


barns or 3.9 KX 10°?! cm 


\ the number of target atoms of 
B'’/em A dose border- 
ing on the toxie was given, the equiva- 
H; BO, or 0.164 mg 


weight, com- 


of the tissue. 


lent of 1 mg of 
gram ot body 


0.99 « 10" 


ol B per 
Since the 
there 


atoms 


atoms. 


dO Y 40), 


prising 
excretion is about 
should be an average of 5 & 10" 
of B 
tissue 

Thus A 9.6 * 10 


em? of tissue in 10 days. 


per gram or cubie centimeter o 


activations 
But, of this 
number of a-particles, only a fraction 
were able to reach the film and produce 
track 


an identifiable Accordingly, 


the following corrections must be 
applied: 
1. Only 


3 xX 10°74 em 


those particles within 3y 
) of the surface are able 
with sufficient 


to reach the emulsion 


residual energy to make a track. 
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2. Half of 
move away from the film. 

3. Only about 80% of the tracks are 
identifiable due to the vertical overlap 


the a-particles formed 


grains 


Witl 


should 


corrections, the film 
10°)(3 K 10°) 
0.5)(0.8) or 1.15 * 104 tracks/em?. 
In terms of the reticle field, which is 
1,600 w?, there should be 0.18 tracks 


these 


have 9.6 X 


of the same order as 
Table 3, although some- 
The 
sher neutron flux than that 


difference may be 


to greater retention and 
1 ol B 


possible that 
from 


than was estimated. 
tracks of Li 
the 
s in the very superficial layer 


iel originating some ol 

B® ator 

tissues (cf. Table 1) may have been 

d, since even in the prelimi- 

nary experiments Li tracks were not 
distinguishable. 

In any event, this correspondence 
between theory and experiment sup- 
ports the belief that the method can 
be cde 
determining small amounts of boron. 


Howe 


veloped into a practical means of 


ver, a more intense flux of neu- 
trons obviously is needed. To be on 
a statistically the 
neutron source should provide some 
much further 
increase of photon flux. The photon 


emission of Ra-Be and Sb-Be sources 


comfortable basis, 


10° n/em?/see without 


make them completely unsuitable, 


and neither the carbon cave used by 
Conger and Giles (25) nor the water 
the 
Oak Ridge reactor gave suitable neu- 


moderating column attached to 


tron/ photon ratios.* 

The disadvantages of this technique 
are that it is 
track counting is tedious work, and it 


time-consuming and 
would be expensive in terms of B' and 
However, if the experi- 
et al. 
promising, the cost will be small in 
the 
amount ol 


equipment. 


ments of Sweet continue to be 


view of need to know precisely 


what what form of boron 


will give the highest tumor-to-other- 


tissue ratios at various times alter 


administration. 


BIBLIOGRAPHY 


R. S. Stone Neutron therapy and specific 

59, 771 (1948) 

effects of 

nuclear disintegration products on neoplastic 
tissue, Proc. Nat. Acad. Sci. U. S. 26, 181 
1940 

P. A. Zahl, F. § 


Some in vivo effects 


ionization, Am. J. Roentgenol 


P. G. Kruger Some biological 


Cooper, J. R. Dunning 
of localized nuclear dis 
ts on a transplanted mouse 


U. 8S. 26, 589 


integration produc 
sarcoma, Proc. Nat. Acad. Sci 
14¥40) 

P. A. Zahl, F. 8. ¢ 
ical considerations in the use of slow neu 


Science 98, 673 


ooper Physical and biolog 
trons for 
1941 
P. A. Zahl Localization of 
lithium in tumor tissue as a basis for slow 
neutron therapy, Sctence 93, 64 (1941) 
C, A. Tobias, P. P. Weymouth, L. R. Wasser- 
man, C. E. Stapleton Some biological ef- 
fects due to Science 107, 115 
1948 
7 WOH 


eancer therapy 


F. 8. Cooper 


nuclear fission 


Sweet, M. J. Javid 4 possible use of 


* We wish to express our thanks to Mr. 
I J. Muckenthaler of the Oak Ridge 
National Laboratory for his assistance in 
these preliminary experiments 


neutron-capturing isotopes such as boron-10 
in the treatment of neoplasms I Intracra- 
nial tumors, J. Neurosurg. 9, 200 (1952) 

M. Javid, G. L. Brownell, W. H. Sweet. The 
possible use of neutron capturing isotopes 
such as boron-10 in the treatment of neo- 
plasms. II Computation of the radiation 
energies and estimates of effects in normal and 
neoplastic brain, J. Clin. Tnvest. $1, 604 (1952 
K. Way, et al., Circular 499 (National Bureau 
of Standards, U. 8. Department of Commerce 
Washington, D. C., 1950 ) and supplements 

H. H. Goldsmith, H. W. Ibser, B. T. Feld 
Neutron cross sections of the elements, Rev 
Mod. Phys. 19, 259 (1947 

B. Rose. Gamma rays from the disintegra 
tion of boron by slow neutrons, Can. J. Re 
search 236A, 366 (1048) 

C. Y. Chao, C. C, Lauritsen, A. \ 
The Q value for B(P-alpha) Be 
76, 586 (1949) 

I. Lauritsen. 
preliminary 


Pollestrup 
, Phys. Rew, 


levels of light nuclei, 
report no. 5 (Nuclear 
National Research Co 
ton, D.C.) 

bk. D 
E. C 
Nuclear 


Energy 
Science 
Series incil, Washing- 

1952) 
Appled 
John Wiley 


Klema, personal communication 
Pollard, W. I 
Physies appendix 7 
and Sons, New York, 1942 
J. H. Webb Photographic 
nuclear physics, Phys. Reo. 74, 511 (1948) 
C. M. G. Lattes, P. N. Fowler, P. Cuer \ 
study of the nuclear transmutations of light 
elements by the photographic method, Proc 
Phys. Soc. (London) §9, 883 (1947 
R. H. Herz Photographic fundamentals of 
autoradiography, Nuc ieonics 9, No. 3, 24 
(1951) 
J. C, Allred, A. N 
Tallmadge. Use of 
tectors in neutron experimenta, 
(1949) 
C. C. Pfeiffer, L. F 
Boric acid ointment 
toxication in the treatment of burns, J. Am 
Med. Assoc. 128, 266 (1945) 
H. D. Bruner, R. L. Haves, J. D. Perkinson 
Jr A study of gallium-72, section X (to be 
published) 
M. R. Hertz, personal communication (1951) 
W. Bathe. Zur Methodik der Neutronenson 
den, Z. Physik 120, 437 (1943) 


S. Glasstone, ‘‘Sourcebook on 


Davidson 


plates for use in 


Phillips, L. Rosen, F. K 
photographic plate de 
ABRCD.2466 


Hallsman, I 
A study of possible in 


Gersh 


Atomic En 
ergy,” p. 262 (D. van Nostrand Co., New 
York, 1950) 
4. D. Conger, N. H 
genetic effect of slow 
397 (1950) 


Ciiles, Jr The cyto 


Genetics 36, 


heutrons 





Radioactive Tank Removed 


PROBABLY THE LARGEST RADIOACTIVI 
onsecT that has ever been handled, the 
tank known as the “ca- 
been taken out of the 
Chalk River. Sev- 
containing uranium 
burst within the 2!'5-ton tank Dec. 12 
the 


aluminum 
landria ” has 


NRX 


eral tubes 


reactor at 
rods 
NU, Jan. °53, p. 76), putting 
reactor out of operation. 

Under the direction of Gordon W. 
Hatfield 
it Canada’s atomic energy proj- 
ect, the extremely’ hot” tank 
the 35-ft-high 
structure during the evening when few 
the 
U.S. group assisted in the removal, 
had to be de- 
built at the project to 
parts of NRX 


Vol, 11, No. 10,- October, 1953 


manager of industrial opera- 
tions 
was 
reactor 


lifted out of 


emplovees were at project. A 


] 
Sec: 
pecial 


equipment 


Signe d and 


examine remote and 


to remove the burst tubes. Viewing 
devices were built to determine which 
of the 
within the calandria had burst. 
had to be devised to 


the 


176 uranium-containing tubes 
Meth- 
ods withdraw 


these before calandria could be 
taken out. 
Wearing protective clothing,  in- 
cluding respirators, workers performed 
work 
allowed. Then other 
take their places. 
the 176 fuel been 
the the 


aluminum calandria in which they had 


minutes 
workers had to 


certain within the few 


Once tubes had 


removed, radioactivity of 
been inserted was studied with probes. 
Then the carefully 
operation was carried out. 

The 10-ft-high, S8-ft-diameter tank 
was lifted out of the reactor structure 


rehearsed removal 


from NRX 


with an overhead crane, swung over a 
canvas bag attached to a skid turned 
on its end against the side of the re- 
The 


skid was then lowered into a horizontal 


actor, and lowered into the bag. 


position on the floor of the reactor 
building and pulled out of the building 
by a tractor. A grader hooked 
to the skid to tow it through the project 
burial 


was 


and to a ground outside the 
plant. the 
rubber-tired vehicle on the project. 


The grader was heaviest 
The calandria was towed to a spot 
well away from the project but still 
within the 10,000 acres controlled by 
the project. There a bulldozer heaped 
sand over the tank to shield it. One 
end was left accessible for study. 
Decontamination of the reactor 


structure is continuing. 
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Problems in Operating 





a Research Reactor 





Operation of a research reactor presents three types of problems: 


© TECHNICAL. 


Poison effects of fission products and in-pile ex- 


periments, induced radioactivity and heat production in experimental 
apparatus, and packaging of irradiated material must be considered 


®ROUTINE MAINTENANCE. Differs from ordinary industrial 


maintenance only in the radiation hazard involved 


© PERSONNEL. Most of the operating personnel would have an 


industrial rather than an academic background. 


cised in selection and training of personnel 


By ROBERT W. POWELL 


Reactor Operations Division 
Brookhaven National Laboratory 
Upton, New York 

OPERATION HisToRIES of large, well 
designed reactors seem to divide into 
The first 


vital period 


at least two distinct phases 
phase, a short, intensely 
of the initial start-up and operation to 
verify the reactor’s design characteris 
tics. The second phase, the period of 
normal operation, in which the reactor 
fulfills its assignments. 

The 
Reactor 
1950, and criticality was reached nine 
By December 18, 1950, 
routine 

Dur- 


ing these sixteen weeks, the evaluation 


loading of the Brookhaven 


was started on August 13, 
days later. 
the reactor was available for 
operation for research purposes. 


of the reactor was done in great detail 
on a 24-hr basis by a group of highly 
qualified scientists under the direction 
of L. B. Borst. This work consisted of 
performing experiments that 
planned and documented well in ad- 
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were 


vance of the completion of construction. 

As soon as it became evident that all 
of the theoretical predictions had been 
verified, the operation of the reactor 
tailored to other 


This phase change is probably 


was meet require- 
ments. 
more abrupt for the well understood 
graphite moderated, natural uranium 
piles than for some of the more recent 
designs. 

The problems of normal operation of 
reactors are obviously as varied as are 
reactors are 


the purposes for which 


built Large research reactors have 


one important operational require- 


ment, however, which is common to all 
of the large reactors operating today. 
This requirement is that the reactor 
operate seven days a week, 24 hours a 
day, with as few interruptions as pos- 
sible; these interruptions being con- 
installing and removing 


sistent with 


experimental apparatus. This require- 
ment characterizes the operation and 
maintenance problems as being similat 
chemical 


to those of a continuous 


process or of a steam plant operated 


Care must be exer- 


this reason, most of the people actually 


for electrical power production. 


engaged in the operation of the reactor 


have an industrial rather than an 
iu ademic background 

At first sight it may appear difficult 
for the experimentalist and operator 
a ground common enough 
to expedite research problems. Un- 


like other Brook- 


haven reactor has no production com- 


to meet on 


most reactors, the 
and the operating staff is 
to the as- 
The 


absence of production commitments is 


mitments, 
therefore dedicated entirely 


sistance of the research groups. 


essential to such a cooperative atmos- 
phere. The modus operandi, so far as 
possible, is established by the require- 
Con- 
other 
research requirements, and whenever 
established, the 


operators are involved only as neces- 


ments of the research programs, 
flicts usually occur only with 


a priority must be 


sary to make proper contacts. 
The Brookhaven 
about 90% of the time with the shut 


downs regularly scheduled on Tuesday 
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reactor operates 





evenings for as long as necessary to 
install or remove research apparatus 

Every effort 
this 
Unscheduled shut downs interrupt ex- 


and to do maintenance. 


is made to maintain schedule. 


periments and may in some 


cases 


cause repetition of time-consuming 
measurements. 

The problems of operation may be 
classified into three distinet categories: 
technical 


the immensely interesting 


TECHNICAL PROBLEMS 


It is 
with 


necessary to load the reactor 


sufficient fuel to override all of 


the negative coefficients or poison 
effects that are brought about by the 
neutron flux present in the reactor at 
its full In addition, a 


comfortable amount of reactivity to 


power level. 


support in-pile experiments is desir- 
ible. Other problems associated with 
the experimental equipment are in- 
duced radioactivity, heat production 
through neutron and gamma reactions, 
packaging of irradiated 


and proper 


material. 


Reactivity Control 


XYelss 


tremely high cross section for neutrons, 


Fission product has an ex- 


and its formation is by far the most 
important of these negative coefficients. 


Te135 ea ; 


problems, the highly routine main- 
tenance problems, and the all-impor- 
tant personnel problems. 

The achievement of proper balance 
of effort in these directions is in itself 
The tendency to expand 
efforts in the more interesting field at 


a problem. 


the expense of the more routine and 
unpleasant fields is understandable and 
establishes a requirement for specialists 
in each category. 


From the following decay chain 


9.2 hr 


Xe!35 —— (18155 


2 min 6.7 hr 
2 X 10% yr 
> Bal’ 
Xe! + n 


stable) 
» Xe!8® (stable) 


it may be seen that when the reactor 
the equilibrium con- 
centration depends upon the flux den- 
sity (formation rate of Te'*), decay 
of Xe, 
Xe'*® by capture), also a function of 
flux density. 

When the reactor is shut down, the 

Xe depends upon 
and Xe'®, the latter 
being the slower in decaying; therefore, 

flux 
Xess 


may be considerably greater just after 


is operating, 


and burnup (formation of 


concentration of 
the decay of I! 


depending 
density, the 


upon the operating 


concentration of 








(seconds) 


a shut down. In a high flux 


reactor, this concentration may con- 


very 


ceivably be great enough to prevent 
restarting for a number of hours. A 
reactor operating at 6 X 10" n/em?, 
sec at a fairly high temperature does 
not have to maintain excess reactivity 
to override xenon growth after shut 
first, this flux 
small 


down for two reasons: 
produces amount of 


buildup after shut down, and, sec- 


only a 


ondly, the loss of heat during shut down 
additional 
reactivity that is immediately available. 

It is interesting to note that, after 
startup following shut downs of certain 


provides an amount of 


periods of time, the rods must be in- 
serted to hold constant power because 
Xe! burnup rate is greater than I'* 
decay rate when I'* is below its 
saturation value. 
Temperature coefficient. 
the 


efficient of a thermal reactor depends 


The 
magnitude of temperature co- 
primarily upon the temperatures of the 
uranium and moderator during oper- 
The 


among 


coetlicient is a 
the 
diminishing value of the cross section 


ation. negative 


result, other things, of 
of U** at higher neutron temperatures. 
The 


produces 


coolant of a reactor usually 


some effect on reactivity 
between low-power critical conditions 


Brook- 


haven, the coolant is air and the sign 


and full-power condition. At 








100 











FIG. 1. 


rod a known distance 
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Reactivity vs period found by withdrawing control 


Rod insertion (meters) 








FIG. 2. Control-rod calibration curve (rod diagonal! to hori- 


zontal plane through reactor) 





INSTALLING in-pile equipment in Brookhaven reactor 


of its coefficient is positive, since the 


coolant becomes less 
high-flow and temperature conditions 
(Air is “ 


The change in density of N 


sucked” through the reactor 
with a 
1.7-barn cross section, is primarily 
responsible for this effect. 

Fortunately the magnitude of this 
positive coeflicient is not great enough 
to constitute a hazard. An interesting 
fact is that, under certain conditions 
power level may be changed from 20 
to 24 Mw by increasing coolant flow 
without repositioning control rods. 

The effect of 


excess reactivity 


changes on 


with the 


weather 
may vary 
particular pile. In the Brookhaven 
reactor, cooler air temperatures result 
in « cooler moderator in some areas 
of the pile, which might lead one to 
that cold 
gain in reactivity due to the negative 
The 


bec Ause 


believe weather causes a 


temperature coefficients con- 


verse, however, is the case, 
the higher power levels afforded by 
the colder weather allow the growth 


of enough xenon to override the 
temperature effects and the net result 
is to decrease excess reactivity 


Fuel burnup. At 
around 10" n/em?/see, 


neutron fluxes 
burnup of fuel 
occurs over a matter of years Reac- 
tors operating in the 10" n/em*/see 
flux range may require frequent fuel 
changes. Burnup problems are there- 
fore proportional to flux and achieve 
great importance at higher fluxes 


Reactivity measurement. 


During 


dense at the 


the startup of a reactor, more than at 
any other time, the potential &, or 
total reactivity, must be known with 
loaded for 


high-flux, high-temperature operation, 


fair accuracy. A reactor 
after a long shut down, gains back all 
of the reactivity normally held by its 
This 


some cases, may be sufficient to pro- 


negative coefficients. gain, in 
duce prompt critical conditions if con- 
trol 


Even though in design the safety cir- 


rods are removed too quickly. 


cuits are made adequate to prevent 
such conditions, it is well to predict 
the ‘‘critical position” of the rods so 
that 
tained within the reaction time of the 


control may always be main- 
console operator. 

It is desirable to hold*the amount of 
excess reactivity the reactor has when 
it is operating at equilibrium to an 


absolute minimum. This is to say 
that 


tions, 


at full-power equilibrium condi- 
the control rods should be almost 
completely out of the pile. For a 
research reactor, this type of operation 
removes any perturbations to the 
natural flux distributions, and makes 
for more reproducible conditions. To 
accomplish this, all factors that affect 
be continually 
these, the 


to cause frequent changes are 


reactivity must evalu- 
ated 


likely 


Among ones more 
due to expe! imental equipment changes 
and varying weather conditions. 

\ yardstick is 
veniently make such measurements of 
this is 


necessary to con- 


reactivity. For most reactors 


. 


; 


EXPERIMENTAL apparatus at reactor face 


done by measuring the amount of con- 
trol rod inserted during operation at 
level, with the 
of the structure and xenon 
The effect 


of control-rod insertion on the reactor 


standard powe1 tem- 
peratures 
formation in equilibrium 
is usually not linear, since the rod 
enters from the edge of the structure 
where the flux is lowest and 
into the 


neutron 


passes 
portions where the 
The yardstick 
is further complicated by the fact that 


inner 
flux is high. 
its value or calibration changes as the 
loading or loading is 


The control rod must, there- 


fuel poison 
changed. 
fore, be calibrated at each significant 
change in reactor loading. 

There are commonly two units used 
to express reactivity of piles, and the 
control-rod length is 
units. In the 
the term ‘‘ Dol- 


is used, a dollar being 


calibration of 
expressed in these 
smaller size reactors, 
lars and Cents” 
the difference in k critical 
(k 1.000) and critical. (A 


pile is prompt critical when the reac- 


between 
prompt 
tion proceeds on prompt neutrons 
without depending on delayed-neutron 
contribution. 

The 
reactors is “inhour,’” which is roughly 
defined as the 
required to give the pile a period of 


term used for the larger size 


amount of reactivity 


one hour. To give some idea of the 


size of the units for a graphite pile 


$1.00 


289 inhours 
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0.75% k 
= 0.75% k 





The use of two sets of units is often 
confusing. ‘‘Inhour” has been gener- 
ally used for graphite piles. However, 
the 


“Dollars and Cents”’ 


tendency seems to be to use 
on smaller piles 
and critical assemblies. 


A typical 


procedure 


calibration 
the 
reactor to critical at a very low power 


control-rod 
consists of bringing 
with the rod to be calibrated inserted 
By withdrawing 
the rod a known distance and observing 
the the 
powel (time required for 


far into the loading. 


reactor 
the 
power level to increase by e) the value 


period with which 


rises 


of a known length of the rod is found 
by relating period to reactivity (see 


Fig. 1) from the equation* 


20.3 204 
+062 T4219 
2036 787 
T+31.7 ° T+803 


Inhours 


If this procedure is repeated for various 
lengths of rod, a calibration curve simi- 
lar to Fig. 2 may be obtained. 

During operation, the position of 
control rods is continuously recorded, 
and the console operator plots inhours 
(excess reactivity of the pile) by total- 
value of all control rods 
on the 
versus rod-position calibration curves. 

Determination of poison value. To 
determine the exact value of any poison 


ing the 


inserted as indicated inhours 


into the reactor, a typical 
establish a 
position at low power, i.e., operate at 


inserted 
procedure is to critical 
or less for a 
Next, 
inserting 


constant power of 1 kw 
while and record rod positions. 
shut the 
rods and insert the object in question 


down reactor by 


into the reactor. Critical position is 
reestablished as previously described, 
and 


for the two conditions is equal to the 


the difference in rod_ positions 


poison value of the object, providing 
no other changes took place during 
the The data 
be badly “fogged” by changes in 


time consumed. may 


temperature and decay of xenon. 
Speed and isothermal conditions are 
therefore a* requirement in these 
determinations. 

In practice, these determinations of 
poison values of apparatus and accu- 
rate calibration of control rods are too 
and interfere with 


time consuming 


demands for continuous _ high-level 
operation to the extent that they can- 


not be done frequently. To follow 


* D. J. Hughes, et al., Phys. Rev. 73, 111 


1948 
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the reactivity of a research reactor, 
therefore, one must be able to make 
educated estimates based on experi- 
ence with the self-shadowing effect of 
and cal- 


high-cross-section materials 


culated values of poison. 


Poison Prediction 

The prediction of poison effects of 
research apparatus is probably 25% 
art and 75% science. The knowledge 
of chemical analyses, cross sections, 
make 
helpful in that 
better 
The 
the 
geometrical shapes of the higher-cross- 
Here, educated 
guesses often replace time-consuming 


weights, etec., allows one to 
calculations that are 
they usually are accurate to 


than an order of magnitude. 


discrepancies usually arise from 


section materials. 
experimental determinations. 

Effect of Co’ shape. An example 
of the effect of geometrical shape of the 
in-pile apparatus on pile reactivity is 
found in Co® kilocurie source produe- 
tion for Mr. B. Manowitz’s program 
of obtaining high-intensity gamma 
The Co 
for neutrons is 36 barns, which is large 


sources. cross section of 
enough to make a small thickness of 
cobalt black to neutrons, 
depending upon the thickness of the 
If Co is to be irradiated in 


opaque Ol 


specimen. 
such a way as to produce the least 
effect on 


volume ratio should be as low as pos- 


reactivity, its surface to 


sible, a sphere. Conversely, as is the 
usual case, if Co is to be irradiated for 
the highest possible Co formation, 
the surface to volume should be great. 
In practice, cylinders of Co with wall 
thickness 


(The source 


of 4,6 in. are irradiated. 


may be further concen- 
trated by selecting the diameters of 
the cylinders so as to allow them to be 
fitted into each other after irradiation.) 

Neutron activation of such a 2-in. 
O.D., 4 6-in. wall, 12-in.-long cylinder 
containing about 5 lb of Co was found 
by experimental determinations to be 
only 30% of the calculated amount, 
due to the local flux depression and 
self-shadowing. 

The following gives some idea of the 
effect of 5 lb of Co on a pile: 


Irradiated as solid rod: 6 inhours 


(value of a 16 in.’ completely 
black body) 
Irradiated as a 2 XK 12 & '46 in. 


cylinder: 25 inhours 


At Brookhaven, the problem of con- 


trol of excess reactivity is solved to a 


large degree by distributing cobalt 


through the reactor in such a way 
that a large number of small flux per- 
turbations result. Such perturbations 
in a large-volume pile are difficult to 
measure. The Co® is 
sufficiently great to make this method 
of control much more economical than 


demand for 


that of absorbing excess neutrons by 
Cobalt-60 
about 


control rod. 


Brookhaven is 


boron in a 
production at 
1,500 curies per month. 


Induced Radioactivity 


that the 
radioactivity in research apparatus be 


It is important induced 


predicted in advance, for the disposal 


of in-pile experiments may be the most 
difficult 
wide variety of shielded caves, reels, 


part of the experiment, A 


etc., are part of the equipment of a 
research reactor. However, these may 
effective if the 
equipment are not 


not be materials of 


in-pile chosen 
carefully. 

The induced activity may be caleu- 
lated subject to errors similar to those 
the Co 
problem additional 


errors due to lack of complete knowl- 


pointed out in discussing 


and subject to 
edge of the chemical constituents of 
the Ordinary 
methods of chemical analysis do not 
the 
that, 


materials involved. 
minute 

their 
may be 


out existence of 


materials 


point 
depending on 
and half-life, 
more hazardous than the 
stituent. Useful tables of 
saturation values, decay schemes, ete., 
that are 
most cases, for establishing the curie 
content of in-pile apparatus, providing 
its composition is really known, 

The writer is not familiar with any 


cross sect ion 


main con- 
isotopes, 
adequate, in 


are available 


method of calculating the amount of 
contamination that may be associated 
in-pile experimental 


with removing 


apparatus. High-level, air-borne con- 
tamination has been experienced when 
least expected, Elaborate precautions 
must be taken on all work of removing 
in-pile apparatus, and the assistance 
of an especially trained health physies 
required. A clear 


group is usually 


disposal plan for in-pile apparatus 


obviously should be made prior to 


installing the apparatus in the reactor. 


Heat Production 


Calculations must be made to back 
up estimates of heat production within 
the in-pile experimental material. 


This heat liberated from 
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may be 





nuclear reactions involving absorption 
of neutrons, or from the absorption 
of gamma-ray energy. 

Gamma heating of in-pile objects, 
especially well insulated heavy metals, 
which has 


hest 


is an appreciable effect 
the 
In-pile apparatus is also 


trapped some of experi- 
mentalists. 
subject to damage from high temper- 
ature and radiation levels present in 
an operating pile. 

The writer can recall one instance in 
which an elaborate in-pile furnace 
designed for controlling specimens at 
higher than ambient temperatures was 
redesigned to incorporate cooling afte: 
experience was gained with 
heating. 


Several 


gamma 


values for gamma heating 
have been determined for some of the 
heavier metals. These, however, are 
not in close enough agreement to be 
relied upon. Whenever this phenome- 
non may be critical to an experiment, 
it is suggested that temperature deter- 
under the condi- 


minations be made 


tions of the experiment. 


Packaging 


materials to be 


the 
high-flux 


Packaging of 
irradiated in a reactor is a 
necessity established by the possibility 
of contamination of or by the material 
to be irradiated. The 
complicated by the heat 
problems and the property of 


packaging Is 
production 
some 
materials to outgas during irradiation 
Often the 
temperature in 


knowing the 
the 


com- 


necessity of 
the 
object being irradiated further 


vicinity of 


plicates the packaging problem by the 
presence of thermocouple leads, which 
must be passed out of the pile shield 
without producing radiation leaks 

Some specifications of packaging 
material are: 

1, Container material should be such 
that specimen contamination is unlikely, 

2. Container should not 


“dust off” or be likely to contaminate 


material 


handling tools and handling area. 

3. Container material should have a 
short beta-gamma half-life, preferably 
beta with no alphas. 

4. Container cross section for neu- 
trons should be such that the container 
does not significantly shield the speci- 
men from neutrons. 

5. Container material must be avail- 
able in shapes that can be mechani- 
cally worked and easily welded to pro- 
vide “‘leak-tight ’’ closures. 

6. Container material must maintain 
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its mechanical integrity under pile 
conditions. 

Of the very few materials that meet 
these conditions, 28° aluminum for 
outer containers and quartz for inner 
containers are the most common. 

The Canadians appear to be in a 
better position with respect to the 
procurement of very high purity Al. 
It has been reported that large amounts 
of 15 (very high purity) Al have been 
made easily available for use in the 
Atomic 


28 Al is becoming increasingly difficult 


Canadian Energy Program. 


to locate, and delivery dates are 


long for the amounts and 
the 


unusually 


shapes needed for research in 


MAINTENANCE 


The 


reactor 


problem on a 
that of 


only in 


maintenance 
is different 
industrial 


lrom any 


ordinary process 
that the additional hazard of radiation 
is present. The longer times required 
for surveying and decontamination It- 


Aside 


from this, the procedures and methods 


crease the cost of such work. 


ire not uncommon in industry. 


Wherever 
proven products are used. 


possible, standard, time- 

The relation of proper maintenance 
of a reactor’s equipment to the safety 
of the machine and associated people 
is extremely important, and probably 
is much greater in proportion than the 
industry. For 


same relationship in 


this maintenance 


About 


maintenance 


reason, preventive 


is practiced where feasible. 


70% of the instrument 


United States. 
other 


The possibility of 35 


or some less pure grade of 
aluminum being substituted either in 
procurement or fabrication by someone 
who does not understand the problem 


Alu- 


minum shapes apparently lose thei 


completely is always a hazard. 


identity in storage if special precau- 
tions are not taken. 

A comparison test is often made by 
irradiating a 


questionable piece ol 


aluminum together with a piece of 
known 28 grade in the pneumatic tube 
facility for a few minutes. Half-gram 
samples are adequate, and the differ- 
ence may be noted on ordinary survey 


instruments, 


work is preventive in nature and in- 

cludes mostly reealibration and testing 

components of the control system. 
Heavy \ 


problems are about equal in magnitude 


mechanical maintenance 
and expense to the instrument portion 
of the work. At Brookhaven, the 
largest mechanical maintenance ex- 
penditure is on the cooling system and 
consists of the maintenance of ordinary 
switchgear, motors, fans, and pumps. 
This work is done mostly in the absence 
The 


cooling the reactor, exclusive of main- 


vadiation hazards. cost ol 
tenance, is by far the most expensive 
element in its operation. The cost of 
the 6,000-kw cooling load, on line 90% 
of the time, is about twice the cost of 
the salaries of the people actually in- 


volved in the entire operation. 


ORGANIZATION AND TRAINING OF PERSONNEL 


staff to carefully scrutinize 


The operating staff must have the 
talents for making most of the calcu- 
lations and estimates concerning items 
inserted into the reactor. In addition, 


theoretical physicists, metallurgists, 
chemists and other specialists must be 
consultation on 


readily available for 


nonroutine matters. As an operating 
staff gains experience, the actual time 
required of these specialists becomes 
so small that it 
for them to actually be a part of the 


is seldom necessary 
operating staff. 

Since most scientists using a reactor 
for research purposes are specialists 
in their particular field of science, ie., 
chemistry, biology, medicine, metal- 
lurgy, and physics, they are not usually 
experts on reactor operating problems. 
It therefore becomes necessary for the 


operating 
all in-pile experiments to ascertain the 
following: 

1. That the experiment must produce 
no hazard (radiation or otherwise) 
to the experimenter or other persons 
working in the vicinity. 

2. That the experimental equipment 
must in no way endanger the usefulness 
of the reactor. 

3. That there must not be any beams 
or scattered radiation that adversely 
affect other experiments in the vicinity. 

This function is usually performed 
by the more experienced members of 
the staff, along with the Research Co- 
ordinator, a highly qualified man with 
research experience, who handles the 
contacts with the 


scheduling and 


research groups on these problems. 
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Probably the most important phase 
of operating a reactor is the selection 
and training of the staff that actually 
runs the pile. Chiefly among these 
are the engineers and operators on 
shifts, who operate process equipment. 


Operating Staff Duties 


At Brookhaven, the duties of the 
operators are probably more varied 
than at other larger sites. Fabrication 
of fuel, operation of pile equipment, 
general (including in- 
strument maintenance), and handling 


maintenance 


of in-pile experiments are all duties of 


the operating staff. Since most of 
these associated operations never ap- 
proach ‘‘production” levels, it is 
possible to conduct the entire operation 
with a total staff of less than 50. 

A more complete description of the 
background, methods of 
training of these people is of consider- 


able 


organizations are 


duties, and 


interest, since several similar 
rapidly coming into 
being. 

To complete the picture of the job 
variety, an outline of the duties in- 
volved follows: 

Operation of pile proper. This in- 
cludes startup and control, data collec- 
tion, calculation of heat balances, and 
charging and discharging fuel. 

Cooling system. A 7,000-kw cool- 
ing system would require heat ex- 
changers (air to water), cooling tower, 


and primary cooling fans (maximum 
size of rotating equipment: 1,500 hp, 
3,850 rpm). 

Water purification and storage. 
This involves an ion-exchange column 
and pumps associated with canal-water 


storage 


Fuel and sample fabrication. p- 
erations involved are inert are welding, 
hand torch brazing, induction brazing, 
and mass-spectrometer methods of leak 
detection and high-vacuum techniques. 

Operation of 10-ton building crane 
and associated rigging. 

Radiation survey work. This sup- 
plements regular health physics staff 
work. 

In-pile equipment and service ir- 
radiations. This involves installation 
and removal of equipment. 

Maintenance of heavy equipment, 
industrial-type instruments, and elec- 
tronic instruments is done by special- 
ists, who, for the most part, are mem- 
bers of the operating staff. 


Training 
About 
National 
ganization do not 


Brookhaven 
operating  or- 


the 
Laboratory 


1O% ol 


possess college 


the 
adequate 


degrees. To assure candidate's 
ability, a 


Iox- 


possession of 
mechanical aptitude test is given. 
perience has indicated that a cut-off 
point of 60% is advisable. This means 
that a score better than that of 60% of 
the college freshmen, who took the 
same test, is required. 

the 


staff, candidates with engineering de- 


For supervision of operating 


grees and at least five years of ap- 


It is 


seldom that a supervisor can be trained 


propriate experience are desired. 


adequately in less than one year. 

A prerequisite to becoming an effec- 
the 
gaining of self confidence in matters of 
radiation This 
ability to detect radiation hazards and 


tive operating staff member is 


safety. implies an 


to calculate safe working times as well 


REACTOR OPERATIONS DIVISION HEAD (1) 


ACCOUNTING AND CLERICAL a— 


i 





[- | | 
Maintenance Research 


Coordination Coordination 


Shop Leader ( 
Machinists (3 


Physicist (1) 
Technicians (2) 


Operations 
Group Leader (1) 


Instrument 


Day Shift Group Leader (1) 


Ass't Group Leader (1) 
Engineer (1) 
Technicians (7) 


Supervisor (1 
Operators (3) 





i | | 
A-Shift B-Shift C-Shift 

Supervisor (1 Supervisor (1) 

Operators (3 Operators (3) 


Supervisor (1) 
Operators (3) 


D-Shift R-Relief Shift 
Supervisor (1) Supervisor (1) 
Operators (3) (Fuel Fabrication) 

Operators (2) 


ORGANIZATION CHART of Reactor Operations Divisions, BNL Reactor Department. 
During the regular work week, the day shift is considerably larger due to instrument 
maintenance and service irradiation requirements 
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as an idea of the possible effects of 
overexposure, 

In most cases, approximately one 
month is spent with the health physics 
organization prior to reporting to the 
operating organization for pile train- 
ing. During this period, all phases of 
personnel monitoring and radiation 
survey are covered, and the pupil must 
demonstrate his ability prior to moving 
on. This training is given to salaried 
engineers, as well as wage-roll operators. 

Pile training is essentially ‘“‘on the 
type” training 
models, and literature available. 


job 2 with manuals, 
Pro- 
gression is strictly on a merit basis, 
with demonstration of job knowledge 


and ability required for advancement. 


Safety 


In the operating of such a 
critical machine, there is a potentially 


super 


great hazard to equipment and, in 
some cases, to personne! when unsafe 


This 


ever, is probably no greater than the 


conditions exist. hazard, how- 
average industrial chemical process. 

Safety is stressed in many ways. 
The greatest effort in this direction is 
in the form of a manual of standard 
operating procedures, which covers all 
phases of the job. 

If an operator consistently performs 
with these 


his work in accordance 


procedures, he may be considered au 


“safe” operator. If not, he is con- 
sidered “unsafe,’’ regardless of whether 
his infraction of the procedure causes 
an incident. Attempts are 


exceed the ultimate in the designing 


made to 


of safety into a reactor, but this has 
never, as yet, resulted in a completely 
safe machine. 

As in all organizations involved in 
service work, the task of record keeping 
A careful study 
must be 


achieves importance. 
made 30 
to the 
work is 


of record 
that it asset 
program, this 
pyramided to the point of becoming 


system 
operates as an 


Occasionally 


a great red tape burden to an entire 


operation. If it were not possible 
to cite examples, this point would not 
For the Brookhaven Na- 


Laboratory reactor, no more 


be made. 
tional 
than three people are 
these items, and this includes the work 
of billing all users of the pile’s facilities, 


occupied with 


as well as computing Pu content of fuel 
and inventorying fuel storage. 
* * * 


Research was carried out under 
of the U.8 


the auspices 


Atomic Energy Commission. 
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Birmingham 


Nuclear Physics 


Conference 


International progress in theoretical and experimental 


nuclear physics was reported in detail at a recent five-day 


conference. 


Summarized here are data on nuclear 


structure, reactions, and radii; high-energy scattering; heavy 


ions; light nuclei; theory of nuclear forces; and techniques 


By JOHN K. BELING 
Office of Naval Rese 


London, England 


ONE OF THE LARGEST conferences on 
nuclear physics in recent 
held at Birmingham, 
13-18. The 
jointly by the University of Birming- 


years Was 


England, July 
meeting was sponsored 
ham’s departments of Physics, under 
P. B. Moon and W. EF. Burcham, and 
Mathematical under R. E 
The attendance 


of approximately 300 physicists from 


Physics, 
Peierls. consisted 
some 18 countries, and the discussions 
covered many phases of nuclear 
physies. 


Program 
The general pattern of the confer- 


ence was to have the 


32 


major topics 


arch, Branch Office 


developed in an introductory way by 
an authority in each field, followed by 
detailed 


and discussion. 


shorter contributions 
W. EF. Burcham (Bir- 


mingham) opened the meeting with a 


more 


talk on energy levels of light nuclei. 
B. H. Flowers (Harwell) and A. Bohr 
(Copenhagen) spoke on nuclear mod- 
els. A session on dense energy levels 
of highly excited nuclei was intro- 
duced by K. J. Le Couteur (Liverpool). 
o. &. 
the situation in the study of the nucleus 


Wick (Carnegie Tech) outlined 
by high-energy processes. The various 
mechanisms for the scattering of 
gamma rays were discussed by P. B. 
Moon, and A. C. G. Mitchell (Indiana) 


described techniques in nuclear spec- 


troscopy. S. Tomonaga (Tokyo) sur- 


‘veyed the status of the meson theory 


held 


with one on experi- 


of nuclear forces in a session 
simultaneously 

mental methods. Other major topics 
included oriented nuclei and polarized 
introduced by M. 


A. Grace (Oxford), and a consideration 


beams of particles, 


of machine physics and the accelera- 
tion of heavy ions. 

The wide range of topics discussed 
and the 
papers presented make it a particularly 


at Birmingham number of 


difficult conference to summarize, and 
it is hoped that the reader will make 
reasonable allowance for the subjective 
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nature of this report. It is understood 
that a fuller account consisting of notes 
taken by members of the Physics De- 
will be 


partments at Birmingham 


at least to participants in 


, , 
ay allable 


the conference. 


Birmingham Proton Synchrotron 
\ dramatic the 

the proton 

svnehroton* occurred towards the end 


development in 
progress of Birmingham 
of the conference. This machine, de- 
signed for an eventual energy of 1 Bev, 
has been steadily achieving increasing 
proton energies as final adjustments 
and refinements have been made. <A 
the 


of 250 Mev had been reached; 


few weeks before conference an 
energy 
during the conference this was raised 
to about 950 Mev. 


The energy attained was inferred by 


suddenh 


noting how long the pulse induced by 
the proton beam on an electrode in the 
The 


which the pulse disappears 


iccelerating chamber persisted. 
time at 
corresponds to a known magnetic field 
remarked 


ind energ, It 


that 


should be 
Moon 


restrained in 


Bureham 
their 


description of the synchrotron’s prog- 


Professors and 


have been most 
ress, and have pointed out the possi- 
bility 
sponding to 950 Mev could be due to 
Never- 
the 


been 


that the observed pulse corre- 


pickup from the r-f system. 
theless it 
1-Bey 


reached in England.t 


probable that 


seems 


energy region has now 


Nuclear Structure 
The 


ey iden e oft 


sirmingham conference gave 
further successes for the 
quasi-molecular model of nuclear struc- 
A. Bohr and B. R. 
Institute for Theo- 
This 


features of both 


ture developed by 
Mottelson at the 
retical Physics in Copenhagen. 
treatment embodies 
the liquid-drop and independent-par- 
ticle models and describes the nucleus 
in terms of the coupling between collec- 
tive surface oscillations and the motion 
particles. It differs 
from the independent-particle 


of individual 
strongly) 
model in regions of the periodic table 
that are There 


it predicts, for low-lying levels, a regu- 


far from closed shells. 


lar spectrum that arises from a type 


of rotational motion, whereas the inde- 


U. Hibbard, Nuc teonics 7, No. 4, 30 


Birn ingham team has since con- 
by observations on protons 


ng through the wal! of the vacuum 
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pendent-particle model cannot make 


such definite statements. 
Bohr and 
support for their model from the ob- 


Mottelson have received 


served energy spacing of the levels of 
even-even nuclei in these parts of the 
table, and from the fact that electric 
quadrupole transitions between states 
the 
order of 100 times more probable than 


of this type are found to be of 
would be expected on a single-particle 
Additional the 
collective model came from experi- 
mental work at the British Atomic 
Energy Establishment, Harwell, and 
the Institute for Theoretical Physies 
in Copenhagen. 

Gamma rays from transuranic ele- 
ments. B. (Harwell) 
measurements by himself and J. O. 


basis. evidence for 


Rose described 
Newton of the energy of the gamma 
rays that follow the alpha decay of 
Cm?" Pu***, Here the nuclei 


formed by alpha emission 


and 
are far 
from closed shells and would be ex- 
pected on the Bohr-Mottelson picture 
to have levels of rotational character 
with even parity and successive spins 
J=0, 2, 4, 6...Consequently, if 
the fourth 
excited by alpha decay it should return 


level with spin J = 6 is 


to the ground state, J = 0, by a cas- 
cade of three electric quadrupole transi- 
the 


model, the energies of the successive 


tions. According to collective 


radiations should be nearly in 
the ratios 11:7:3. 

Rose reported gamma rays from the 
decay of Cm?" of 160 2, 102.8 + 1.5 
14.6 0.5 kev, and three radia- 


tions of similar energies from a Pu®** 


very 


a nd 


All are in excellent agreement 
Bohr 


source, 

with the 

Mottelson. 
These 


tions 


predictions of and 


accurate energy determina- 


were made by multichannel 
analysis of the size distributions of 
pulses produced by the gamma rays in 
Maze-type proportional counters filled 
krypton or Rose 


Newton were also able to obtain con- 


with xenon, and 


wsiderable evidence on the conversion 


coefficients, and in no case were these 
incompatible with electric quadrupole 
transitions. 

Coulomb excitation of rotational 
levels. T. Huus 
scribed a clear experimental demon- 
and (. 
technique in 
spectroscopy. A theoretical 
Mottelson indicated that 
nuclei by the Coulomb 


(Copenhagen) de- 


stration by himself Zupantié 


(Ljubljana) of a new 
nuclear 
analysis by 


excitation of 


field of bombarding particles was pos- 
sible and would provide results that 
could test the quasi-molecular model, 
This the the 
experiment, and Huus and Zupantié 


furnished motive for 
verified the occurrence of the effect by 
exciting levels in tantalum and tung- 
sten with protons of about 2 Mev. 

In this experiment the energy of the 
protons was so much below the Coulomb 
the 
formation of a compound nucleus was 
only of the order of 10 
nuclear forces never come into play 


barrier that the cross section for 


sem", Since 


in this process, the cross section for 
excitation of a particular nuclear level 
by the Coulomb field of the incident 
particle can be expressed as the product 
of the nuclear matrix element for the 
decay of the level in question and a 
factor that can be calculated from the 
trajectories of the incident particles in 
the electric field of the nucleus. 
the 
transitions between 
type should 
electric quadrupole matrix elements, 


Since 
that 
levels of 


collective model predicts 
nuclear 
rotational have large 
these levels ought to be easily reached 
by Coulomb excitation. 

One consideration in the choice of 
Ta'™ for the experiment was that it is 
Bohr-Mottelson 


rotational 


a nucleus where the 


model predicts a simple 
spectrum, although one somewhat dif- 
from that of an 

Huus and Zupanctié found 
the 


tantalum, 


ferent even-even 
nucleus, 
gamma rays from excitation of 
the 136-kev 


the cross section for emission of 136-kev 


level in and 
gamma rays was about half a millibarn. 
They measured the energy variation of 
the yield and the angular distribution 
of the gamma rays and found good 
agreement with the theoretical predic- 
The 
the 
existence of a second level of rotational 
2% that of the 
in fact, a search for radiation 
this 
vealed a gamma ray at the expected 
The for the 
emission of the higher-energy gamma 
ray of measured energy 300 10 kev 
0.02 mb at a 
proton energy of 2 Mev. 


tions for Coulomb excitation. 


collective nuclear model forecast 
character at an energy 
first, and, 
state re- 


from the excitation of 


energy. cross section 


was approximately 


Mechanism of Nuclear Reactions 

Evidence concerning formation of a 
compound nucleus in nuclear reactions 
presented by H. H. Barschall 
(Wisconsin), elastic 


Wis 
who described 


scattering experiments that he and M, 
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Walt had done. Feshbach, Porter and 
Weisskopf had been able to explain 
the total 


sections observed earlier by 


behavior of neutron cross 
Jarschall 
and associates, by treating the nucleus 


The 


ever, had an imaginary 


as a potential well. well, how- 


term repre- 
senting absorption to form a compound 
nucleus in some fraction of the cases 

Barschall’s latest measurements were 
made to test the applicability of the 
new theory to angular distributions of 
neutrons scattered elastically by a large 
number of elements. The neutron en- 
ergy chosen was 1 Mev, and a spread of 
about 100 kev was introduced to insure 
that many resonances of the compound 
system were excited. 

The observed distributions were dif- 
ferent from those predicted by the com- 
pound They 
however, in reasonable accord with the 


nucleus theory were 
new theory, although some ambiguity 
exists because the theory does not give 
the fraction of the compound nuclei 
formed that decays by elastic scatter- 
ing. The there- 
fore, is that the gross behavior of neu- 
fitted 


present indication, 


can be with a 
potential of the form V(r } 
(1+) for r< Rk. For this fit a 
nuclear radius R = 1.45A” & 107% em 
Vo is taken as 19 Mev 


the parameter ¢, which determines the 


tron reactions 


is used, and 
absorption, is given the value 0.05, 
corresponding to formation of a com- 
pound nucleus in about 30% of the 
encounters, 


Nuclear Radii 


R. Hofstadter 
instrumentation 


(Stanford) described 


and preliminary re- 
sults of high-energy electron scattering 
experiments done with the Stanford 
linear accelerator by H. R. Fechter, 
J. A. MelIntyre, and The 
magnetically analyzed electron beam 
of about 120 Mev was scattered from 
Cerenkov 
the scattered 
magnetic spectrometet 


himself. 


tantalum, lead and = gold 
counters used to detect 
electrons in a 
were found to be particularly free from 
background. 

The observed angular distributions 
were compared with those calculated 
assuming various nuclear charge dis- 
tributions. Good agreement was ob- 
tained only by choosing a charge dis- 
tribution that fell off very rapidly with 
radius. 

This result 
discussion. Hofstadter emphasized its 
tentative nature and described limita- 
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provoked considerable 


the calculations 


made so far 


tions of scattering 
that 


of the Born approximation. R. E. 


have involved use 
Peierls summarized the discussion by 
expressing willingness to accept from 
this experiment the qualitative fact 
that nuclei appear more concentrated 
centrally than previously expected. 
However, he pointed out the need for 
much more rigorous theoretical scatter- 
ing calculations before the data could 


be interpreted definitely. 


High-Energy Scattering Results 


VU. Snowden 
measurements that he, 
and Wood had made on the differential 


neutron-proton scattering cross section. 


(Harwell) deseribed 


tandle, Tay lor, 


They used a diffusion cloud chamber 
filled with hydrogen at a pressure of 20 
atmospheres. Neutrons produced by 


bombarding a beryllium target with 


170-Mey Harwell 


cyclotron were filtered through poly- 


protons trom the 


thene to remove their low-energy com- 
Only 
incident neutrons with energy 
100 Mev 
section determination, and the effective 
135 Mev. The 


measured between 


ponent. proton recoils due to 


greatel 
than were used in the cross- 


neutron energy Was 


cross section was 
angles in the center of mass system of 
160 


asymmetry with respect to 90 degrees 


22.5 and degrees. A definite 
was observed, the cross section tending 
to a value at 0 degrees of about half 
that at 180 degrees. 

M. F. Kaplon (Rochester) gave an 
account of polarization experiments in 
proton scattering performed by W. F. 
Cartwright, C. L. Rou- 


double arrange- 


Oxley and J 


vina. A scattering 
ment was used, with the first scattering 
taking place from a target placed in the 
internal beam of the Rochester cyclo- 
tron. The polarization was detected 
by the 
tering from a second, 
Very large 
ported for the scattering of the 240- 
The values were 49.8 


azimuthal variation of scat- 


external, target. 
polarizations were re- 
Mev protons. 
1% for a carbon seatterer and 20.6 
2.7 % for scattering from hydrogen. 

L. Wolfenstein (Carnegie Tech) 
pointed out that the polarization of 
proton-proton scattering reported from 
Rochester gives the first proot ol the 
tensor forces 01 


existence of spin- 


orbit coupling. 


Heavy lons 
D. Walker and J. H. Fremlin (Bir- 


mingham) reported on the acceleration 


of various heavy ions, including C* 
Cs, N and O*+, to energies of the 
order of 10 Mev pe the 
60-inch fixed-frequency 


nucleon in 
cyclotron. 
High states of ionization were gener- 


ally produced by the acceleration of 


singly- or doubly-charged ions to 


which they could be 
the 
with gas 


Thus N®* 


obtained 


velocities at 
ionization by 
the 


stripped to final 


collision molecules in 
ions, for example, 
initial N?** 
the 

The energy reached 
the the 
particle in low states of ionization and 
the 


the method has the advantage of sim- 


tank. 


were Irom ions 
that resonate at 


quency ol N‘ 


depends on 


one-third fre- 


time spent by 


vield is relatively low; however, 


pli ity and flexibility 

Considerable work has been done at 
Birmingham on the bombardment of 
resulting 


aluminum by N' Kleven 


ictivities have been identified. From 
a study of the vields of the possible 
reactions, a tentative hypothesis was 


idvanced that the N'™ 


regarded 


nucleus is to be 
as an almost unbound collee- 


tion of nucleons in such processes. 
Thus it is considered to act like a sort 
“buckshot.”’ On 


this picture, true compound nucleus 


ol neutron-proton 


formation is improbable and the differ- 
ent reactions proceed by capture of a 


range of different groups of nucleons. 


Light Nuclei 

A considerable number of communi- 
cations on the properties of light nuclei 
the 


accounts of 


was presented at conterence. 
These 
momentum and parity determinations 
the effects of 
charge parity selection rules on transi- 


The rapidity with 


included angulat 


and isotopic spin and 
tion probabilities. 
which the latter type of data is accu- 
mulating was evident from a talk by 


D. H. Wilkinson 


discussed the experimental manifesta- 


(Cambridge), who 


tion of these rules. He presented a 
table showing about 20 self-conjugate 
nuclei whose behavior could usefully 
be analyzed with the isotopic spin con- 
cept. The violations of selection rules 
of Wilkinson’s listing, and other talks, 
could be effects. 
Thus conference 


yielded no results demanding a charge 


due to Coulomb 


the Birmingham 
dependence of specifically nuclear 


lorces 


Theory of Nuclear Forces 


S. Tomonaga (Tokyo) discussed the 
the 


challenging situation in which 
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meson theory of nuclear forces finds 
itsell He 


amination by 


pointed out that close ex- 
the 
Lévy’s promising new 


several workers of 
derivation of 
has re- 


nucleon-nucleon interaction 


much of its theoretical basis. 


moved 
However, it fits the low energy n-p 
ind p-p data rather well. 

BE. M. Hafner 
Rochester) discussed the experimental 
5 Mev for the Lévy 
To preserve charge inde- 


(Cambridge and 


evidence below 
interaction. 
equal singlet scattering 
lengths for the 


pendence, 1.e., 
n-p and p-p systems, 
and the Yukawa well shape, a repulsion 
at short ranges of the Lévy type seems 
needed. Also, the Lévy potential does 
wredict the magnitude of the scattering 
length quite accurately. 

K. J. be 
sented a short semi-quantitative argu- 
ment that illustrated the difficulties of 
the Lévy 


Couteur (Liverpool) pre- 


He advanced rea- 
that the 
interactions between 


theory. 
meson 
nu- 
cleons cannot be considered to involve 


for believing 


theor ol 


only a single parameter in addition to 
the 
but has a much more ad hoe 


the nature of mesons and thei 


, 
coupling, 


character 


Techniques 

\ number of experiments were de- 
that illustrated the 
nature of modern techniques in nuclear 


scribed refined 


physics. These included an exposition 
by M. A. Grace of the subtle procedures 
used at Oxford to align and polarize 
nuclei at very low temperatures. 

P. Huber (Basel) reported a meas- 
urement of the polarization of neutrons 
produced in the deuteron-deuteron re- 
The 


tected by the dependence on azimuth 


action polarization was de- 


of the intensity of neutrons scattered 


rom carbon. A polarization of 18 
and R. 


described similar results ob- 
Institute 


{ 
I 
‘ 


‘ 
( 


Zurich 
tained at 


was reported, Ricamo 


the Swiss Federal 
of Technology. 
1. Berthelot 


successful 


(Saclay) described the 


use of a cloud chamber 
triggered from the pulse produced on 
in internal anode by electrons liber- 
The cham- 
the 


frequency of ternary fission of uranium 


ited by charged particles. 


ber was studies of 


applied to 


by slow neutrons. It was concluded 


that fission into three fragments all 
er than alpha particles occurred 


than 


he 
a 


less often once per thousand 


{ 


ISSIONS 


D. E. Alburger (Brookhaven) gave a 
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brief account of work he had carried 
the Nobel Institute on the 
transitions between excited states in 
Pb*** following electron capture by 
Bi, By 
B-ray spectrometers to study conver- 


out at 


use of several types of 


sion electron lines, and coincidence 


techniques, he was able to fix the 
10 excited 
general accuracy of 5 parts in 10,000 


location of levels with a 

and to establish a decay sequence. 
Angular correlations. S. 

(Imperial College of Science and Tech- 


Devons 


nology, London) discussed experiments 
that he and G. Goldring are performing 
on positron-electron angular correla- 
tions. Correlations were measured for 
the decay of the first excited state of 
O' by pair emission and in other 
that 
petes with electromagnetic radiation. 


transitions where process com- 
He pointed out that an improvement 
that appears possible in the present 
accuracy, should make the experiment 
capable of distinguishing between the 
simple Dirac theory and the new radia- 
tion field interaction effects. 

E. Heer and T. B. Novey (Argonne) 
discussed their experiments at Zurich 
on extra-nuclear effects that perturb 
the angular correlations of low-energy 
For the the y-7 
correlation in Cd'"', their group has 
established that the 
correlation influenced — by 


radiations. case of 
experimentally 

may be 
anisotropic crystalline electric fields. 
taken of this 
effect to determine the electric quad- 
first 
excited state of Cd!!! which has a mean 


Advantage has been 


rupole moment of the 247-kev 


life of 10-7 seconds. The quadrupole 
moment 
0.5 X 10 


pendent on that of a theoretical esti- 


has been determined to be 


“4 om? with an accuracy de- 


mate of the electric field gradient at a 
lattice position in the indium crystal 
that contained the source. 

Resonant scattering of gamma rays. 
W. G. 
work that he and Professor Moon have 
the 


Davey (Birmingham) described 
resonant scattering In 
mereury of the 411-key 
that follows the 6~ decay of Au'®* to 
Hg'**. The problem is to add to the 
gamma ray’s energy the loss of energy 


done on 
gamma ray 


in two nuclear recoils. This was done 


by mounting the Au'®* source on thie 
tip of a doubly tapered steel cone that 
was rotated at high speed to utilize 
the Doppler shift in the gamma-ray’s 
resonantly 
detected 
operated 


frequency. Gamma rays 


scattered by mercury were 


by a scintillation counter 
with a narrow channel at high bias to 
discriminate against Compton scatter- 
ing. 
function of rotor speed, 


Counting rate was measured as a 


1,700 
intensity 
0.5 
state in 


A resonance was observed at 
revolutions per see whose 
corresponded to a half-life of 2.1 4 
x 10°"! the 411-kev 
Hg'"*. 

Similar experiments where the recoil 


sec for 


energy was provided by heating the 
source was described by K.G. Malmfors 
(Nobel Institute, Stockholm). 

* * * 


The opinions or assertions in this article 
and are not 


eflecting the 


are the private ones of the writer 
to be construed as official, or 
views of the United States Navy 





lion of uranium with such ores. 


O fice . The 


9X9I9X14 tn. 


for one minute. 


: a a : 
at a level indicating uranium ore. 
io AEC for further analysis. 





New Units Speed Uranium Search 


As part of its program to search out additional domestic sources of 
uranium, the Atomic Energy Commission has installed new radioassay units 
at 28 nonuranium mining facilities across the country. 


base-metal ores at privately owned concerns is based on the frequent associa- 


Approximately 100 samples per day can be examined with the radioassay 
unit developed by the Instruments Branch of AEC’s New York Operations 
unit utilizes a “‘ pill-box” 
Geiger tube that can detect uranium oxide at concentrations of 0.05%. <A 


sample in a standard paper drinking cup is placed over the tube and counted 


Accumulated counts are displayed on a tricolored dial that indicates 
sample activity in terms of no radioactivity, little radioactivity, or activity 
Samples in the last category are sent 


This sampling of 


halogen-filled 











Monitoring of Water for 
Fission-Product Contamination 


An annular liquid beta counter is described for measuring water contamination in 


the range 5 & 10-‘-0.5 uc/ml, with an obtainable accuracy of +25%. A 


solid-source calibration jig obviates the need for liquid standards 


By W. R. LOOSEMORE 
Atomic Energy Research Establishment 


Harwell, England 


A LOW-VOLTAGE G-M COUNTER has been 


designed to monitor water contam- 


inated with 
range 5 X 10-4 to 0.5 microcuries /ml 


fission products in the 
if the sample is diluted up to a maxi- 
mum of ten times its original volume 
The counter is intended for use with 
a portable contamination meter 
1092D) (1) designed at A.E.R.E 


employs 


type 
The 
tubes 


circuit cold-cathode 


operating a meter with a full-scale 
reading equivalent to 350 counts/sec. 
The meter scale is roughly logarithmic, 
allowing measurements over a 


0.1-10 mr/hr. 


range 


Permissible Activity Levels 


The Advisory Panel of the British 
Medical Research Council have agreed 
(1) that the chief radioactive hazard 
from drinking water arises mainly from 
the 
present. 


strontium and barium isotopes 


Chamberlain (2) has esti- 
mated the emergency permissible in 
gestion tolerance for strontium and 
barium in the few days after burst as 
30 we Sr*? + 150 we Ba'”, 
that a man may drink up to 2'¢ liters 
of water per day for a 10-day period 


Assuming 


and uncon- 
After 


discussing the probable extent of leach- 


before an alternative 


taminated supply can be found. 


ing out of other fission products during 
passage through the ground, Chamber- 
lain has established a series of 
mitted total beta activities (Table 1). 


These maximum permissible activities 


per- 


have also been agreed to by the Ad- 
visory Panel of the Medical Research 
Council. 

The figures in Table 1 are based on 
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4 RS 
2286) 


Liquid beta counter (type CV 





TABLE 1—British Emergency Permis- 
sible Tolerance Levels for Drinking 
Water 


Emergency permissible 


total beta activity (4uc/ml 


Time after 
bu st 


12 hours 1.8 x 10° 
1 day 6 X 10°? 
2.4 X 10°? 

l 10-2 


2 days 
10 days 





an assumed ratio of Sr*’ to total activ- 
burst that 
The 


activity at 


ity at different times after 
may be modified at a later date. 
permitted 
burst is due to the 


reduction in 
longer times after 
decreasing ratio of total activity to 
strontium with time. In addition, the 
water will have a gamma activity due 
to the release of 0.7 gamma photon pel 


beta disintegration. 


General Method 

It was required that water activities 
corresponding to less than 0.1 tolerance 
at 10 than 10 pe/ ml) 
should easily be measured and that 


the volume of the sample be kept to a 


(less 


davs 


minimum; the sensitivity of the coun- 
ter should enable measurements to be 
made in the presence of general gamma 
contamination. For these reasons, the 
had to be 


fission-product beta radiation. 


counte! sensitive to the 


Three types of counter could, in 
principle, have been used 

i “dipping ”’ 
counter operating at a low voltage. 


ys An 


gamma 


thin-walled heta 


end-window form of the 
that 
for the contamination meter. 

3. A robust form of a “skirt” liquid 


3) operating at a low voltage. 


counters were designed 


counter 

The first two methods would require 
that the liquid source be presented to 
the counter in an accurately repro- 
ducible manner, and some form of jig 
mounting would be necessary. In 
addition, the dipping counter would 
require a removable shield to protect 
section when 


the exposed thin-wall 


not in use, while the end-window 


counter would necessitate a thin win- 
dow, either of mica or a sucked-in glass 
bubble, 


thickness and which would need pro- 
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which must be of uniform 





The advantage of the latter 
that 
ponents and techniques employed in 


tection 


method would be many com- 


manufacture of the existing gamma 
counters could be readily adapted. 

In the third method, all problems of 
geometry would be overcome since the 
liquid sample is poured into an annulus 
surrounding the thin-wall section; the 
thin wall is protected by a stout outer 
glass skirt. The neoprene shock-proof 
jacket designed for the gamma count- 
ers could be utilized to protect this 
The disadvantage in manufac- 
ture would be that a 
amount of skilled glasswork would be 


skirt 
considerable 
required, though this might be over- 
come by automatic equipment. 

\ reduction in counting rate could 
be obtained for the dipping and end- 
window counters, should this be neces- 
measuring highly active 
the 
between counter and liquid surface, o1 


Sar when 


samples, by increasing distance 


by the use of limiting apertures. How- 
ever, this would add to the equipment 
would have to be carried in the 
haversack. If a ‘‘liquid” 
counter were employed, this counting- 


that 


equipment 


rate reduction could only be done by 
dilution of the sample, though it would 
make the method more adaptable to 
changes in the tolerance levels. 

From these considerations, the liquid- 
annulus type of counter offers the best 


possibilities. 


Construction of Counter 


Fig. 1) was developed 


The counter 
in conjunction with Messrs. 20th 
Centur Electronics Ltd., West Nor- 
wood, London, England, who had much 
experience in the 
high-voltage counter of this type (3). 

The sensitive volume is 20 mm long 
The 


mechanically, and_ it 


manufacture of a 


9 mm _ diameter. thin-glass 

drawn 
= likely that the thickness will be 
ntained at 


of at least 2 em. 


13.5-17 mg/cm? over a 
he annular liquid space was kept 
de as possible without exceeding 
1aximum outside diameter of the 

counters, so that the liquid 

be ol thickness for 
beta particles, which in turn would 


‘infinite ”’ 


le normal glass tolerances to be 
the outer skirt without large 
The 


mace above the thin-wall section 


itions in counter sensitivity. 


eased for the same reason. 
The liquid capacity, measured to the 


ean be maintained in the range 


rita 
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3% volt 


























FIG. 3. Charge separated per pulse (type 
CV 2286) 


6.0-8.0 ml; the effect of this variation 
on counter sensitivity will be discussed 
in the next section. The counters are 
filled with neon at 200 mm Hg pres- 
sure, to which is added a trace of argon 
and bromine; the cathode is a wire 
spiral of a 21% chromium-iron alloy. 
The center wire, of 0.7-mm-diameter 
tungsten, is supported at one end only 
ina pinch of borosilicate glass, and the 
counter base is moulded from a nylon- 
loaded Bakelite, resulting in a mini- 
mum resistance between pins of 10! 
ohms. <A water-proof seal is provided 
by the outer neoprene jacket and the 
counter has passed the full Service 


climatic tests. 


Characteristics 

The G-M threshold voltage is in the 
range 300-370 volts, and, in the present 
state ol 
about half the total production are over 
200 volts long, with slopes less than 
0.1% volt. The 
good; this was to be expected in view 


manufacture, the plateau of 


remainder are less 
of the dimensions of the counter and 
the 
missible to maintain the low operation 


small amount of bromine 


per- 
voltage. 

As with other 
quenched counters, the characteristics 


types of halogen- 
may be greatly improved if a “stopper” 
170 kQ is connected 
directly to the anode, and the specifica- 
then fulfilled. The 
resistor is included in the base of the 


resisto of about 
easily 


tion is 


counter, where preliminary tests have 


shown it to be and the 


counter is then marked with a yellow 


necessary, 


“splash.” It is hoped to dispense 
the 


Figure 2 shows a typical G-M 


with resistor as production pro- 
ceeds. 
plateau curve, and Fig. 3 shows the 
the 
each counting event as a 


applied voltage, with fixed counting 


charge separated by counter at 


function of 
rate. The counter current correspond- 
ing to a full-scale meter reading is about 
1.2 wa at the normal operating point; 
the saturation 
about 10 wa at the normal operating 
200 volts 


current vanes [trom 


voltage to 40 wa at above 
threshold. 


Beta Efficiency 

Initial measurements of beta sensi- 
tivity were carried out on a batch of 
sixteen counters; the test 
Sr6* + Pr' (discussed in Appendix) 
had an activity of 1.14 & 10° we/mil. 
The net this 
activity when the counters were filled 


source otf 


counting rate due to 
to the brim, allowing for a background 
measured with the liquid space filled 
with distilled water, varied from 4,700 
5,900/ min, the average being 5,300 
min; the spread is expected to be less 
than +15% in large-scale production, 
A variation in liquid level to 2 mm 
down from the brim made no measur- 
able difference to the count rate. 

The counting rate corresponds to a 
meter deflection of about one-half full 
scale for an activity at 1 day of one- 
fourth that 
dilution is required in the early period 


tolerance, and indicates 
after burst if activities above tolerance 
fact, ten 


1 day corresponds to a 


are to be measured. In 
tolerances at 
meter reading of 8 mr/hr at a dilution 
of X10, while 0.3 tolerance at 10 days 
reads 0.1 mr/hr. The reading for any 
other fraction of tolerance or dilution 
at the same times after burst may be 
obtained by simple interpolation. 
Energy dependence. As the aver- 
age beta energy of solid fission products 
decreases with increasing time after 
burst (Fig. 4), the same batch of count- 
ers was examined with a solution con- 
The maximum beta en- 


Mey 


average 


taining T]2°*, 
ergy of 0.775 
the estimated 


is rather less than 
maximum en- 
ergy of 10-day solid fission products 
(0.9 Mev), the beta 
spectra do not the 


roughly 


and, although 
agree in shape 
measurement would indicate 
the degree of spread to be expected 
The average maximum beta energy of 


not de- 
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FIG. 4. Average maximum beta energy 
for solid fission product 


crease to the same extent as that of the 
gross solid products so the result is 
the worst likely to be encountered. 
For an activity of 1.95 * 10°* we/ ml 
the net 
1,700-2,200/min, having a mean value 
of 1,950/min. 
in production at this energy) 


+ 20%. 


counting rate varied from 
The sensitivity spread 
should 
These 
than 


employed in 


therefore be less than 
tolerances are considerably less 
for counters currently 
liquid assay when used under the same 
conditions and should, for many pur- 
poses, eliminate the need for provision 
with each in- 


of calibration sources 


strument. A linear relationship be- 
tween counting rate and solution activ- 
ity was found to hold at least up to 
2.5 & 104 eps, which corresponds to 
greater than full-scale reading on the 
instrument, 

The variation of counter efficiency 
with beta energy must be an important 
correction in estimating water activity 
at different 
this 
study was made on one counter (Fig 


times after burst For 


reason, & more comprehensive 
5). The efficiency was calculated with 
the counter brim-full of liquid as this 
will probably be the easiest method of 
For beta- 
gamma emitters, a correction was made 
for the the 
counter by sliding a close-fitting shield 


estimation. in practice. 


gamma sensitivity of 
of appropriate thickness down over 
the thin-wall section and embedding it 
in a thin layer of grease melted into the 
bottom of the liquid space. 

The measured was only 
about one-third that of CV 2145 (3 
due to the wide annular gap and large 
the 
may be used for the assay of S** in 


efficiency 


dead space. However, counter 


solution, although the counting effi 
ciency measured under the same con- 


ditions as above is only 3 X 10 
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and a factor of 2—3 for 


The 
from linearity in Fig. 5, at beta ener- 


may vary by 


different counters. deviation 


gies below about 1.5 Mev, is probably 
due to the fact that below this energy 
the liquid has 
thickness, 
amined theoretically. 
The Pri 


measured and the value of efficiency 


an effectively infinite 


but the curve was not ex- 
Sr’? + mixture was also 
marked on the curve, where it corre- 
sponded to a maximum beta energy of 
1.65 Mev. 
mated value for 1-day-old fission prod- 


This is close to the esti- 
ucts, and although some components 
were neglected in building the spectrum 
on which the choice of mixture was 
made it allows some confidence to be 
placed in the mixture’s correctness. 

If it can be assumed that a single 
isotope of appropriate end point can be 
used to simulate fission products at 
other times after burst, then at 4 days 
a more effective substitute for gross 
solid fission products would appear from 
Fig. 5 to be 4.98-day RaE (see Appen- 
dix). This has a maximum beta en- 
ergy of 1.17 Mev, compared with an 
estimated beta energy for gross solid 
fission products at 4 days of 1.11 Mev. 
On account of this variation in counter: 
efficiency, the water activity in uwe/ml 
needed to produce a given meter read- 


‘ 


ing at 10 days (1.1 Mev) is nearly 2. 
E? 


times greater than that at 1 day 6 


Mev). 


Gamma Efficiency 

The net gamma sensitivity of the 
counter under the same conditions of 
measurement was 0.08% at 0.411 Mev, 
0.15% at 1.2 Mev, 0.5% at 2.76 Mev. 
These figures were obtained from the 
beta-gamma emitters used in obtaining 


Fig. 4, after correction for the differ- 





TABLE 2—Liquid Counter Background 
Due to External Radium Source* 


Counting rate 
of CV 2246, 
CV 224i 


counters 


Counting rate 
Dose of CV 2286 
rate counter gamma 


mr /hr) (cpm) cpm 


2 0.12 XK 108 0.42 « 108 
5 0.3 xX 108 1.05 * 10 
0 0.65 & 108 2.1 X 108 
0 12 xX 105 4.2 xX 108 
0 3.0 x 108 1.05 & 104 
0 6.0 x 108 2.1 X 104 


* The figures quoted are the mean of a 


batch of twelve counters. 











Maximum Beta Energy (Mev 








FIG. 5. Beta efficiency of CV 2286, No. 
HH15, as function of maximum beta energy 


ence in liquid volume produced by the 
absorber, and the accuracy is prob- 
better than +20%. Thus, 


assuming the average fission-product 


ably not 


gamma energy at 1 day to be as high 
as 1.2 Mev, the counting rate due to 
gamma radiation will be 3.5% of that 
This 
crease to 11% at 10 days if the average 
1.1 Mev 
(betas) and 0.7 Mev (gammas). 


due to beta particles. will in- 


energies are assumed to be 

The background counting rate, meas- 
ured unshielded and with the liquid 
space filled with distilled water, was 
10 epm. 

The counting rates due to an exter- 
nal radium source are given in Table 2 
and are expressed in terms of the dose 
hr at the counter due to the 
The liquid space was filled 


rate In m 
source, 
with distilled water for these measure- 


ments. 


Interpretation of Readings 
The 


in mi 


instrument scale is calibrated 
hr for radium gamma radiation 
when the gamma counter is mounted 
at a 


nated area. 


distance from a contami- 
Hence, the meter deflec- 
tions obtained with the liquid counte: 
the 
activity being measured However, it 
that the 


reading in mr/hr varies linearly with 


fixed 


bear no direct relation to wate! 


should be noted indicated 
true counting rate. 

Several factors had to be considered 
before deciding on a method of inter- 
preting the meter readings: 

1. The dilution necessary to produce 
a convenient deflection. 

2. The time after burst (see Table 1). 

3. The variation in sensitivity with 
beta energy, which is also dependent 
on time after burst. 

4. Variation in 
with time. 
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5. The operational requirement that 
the measured activity should be shown 
both as a fraction of the tolerance dose 
and as a concentration in we/ml. 

A simple circular calculator was con- 
structed, having three concentric discs 
All the corree- 
been 


and a cursor (Fig. 6). 
listed incor- 
and the data on which the 


tion factors have 


porated, 
calculator is based are given in Fig. 7. 
The seales are logarithmic to give the 
same type of ‘‘meter-reading”’ scale as 
exists on the contamination meter. 
carried on the 
calculator. As 


Instructions are 
the 
illustrated, the calculator is operated 


reverse side of 
by setting the dilution factor to the 
the 
outer disc, while the time after burst 


appropriate time after burst on 
on the inner disc is set to the arrow T 
If the cursor 
moved to the indicated meter 
level 
sented by the undiluted sample and 


on the intermediate disc. 
is now 
reading, the tolerance repre- 
the corresponding activity in pwe/cem* 
read off under the cursor on 
Time after burst 
has to be fed in twice since two differ- 


mav be 


the two inner discs. 


ent empirical corrections have to be 
made, one to both activity and toler- 
(beta + gamma counter 
and the other to the toler- 
ance scale only (Table 1). 


ance scales 


efficiency 


Calibration 

To calibrate counters, a jig incorpo- 
rating a radium-impregnated sintered 
silver source has been designed (Fig. 8). 


even 
~oe* Pe, 


WATER | 
CONT AM INET ON 
CALCYCATOR 


Pe: 0087), 


FIG. 6. 


burst 
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Water contamination calculator. 
corresponding activity can be determined at desired time after 


The foil, developed at the Radio- 
Chemical Center, Amersham, Eng- 
land, has a “front” thickness of 0.001 
in., producing little beta attenuation. 
The total activity of a foil of area 36 
cm? is 0.02 we, which produces a meter 
deflection up to the calibration mark 
for an “average”? counter when the 
instrument calibration control is in the 
middle of its range. 

Calibration procedure is to insert the 
counter into the jig tube and slide 
down the foil by means of a collar to 
which it is attached until it touches 
the bottom of the 
space. The foil expands tightly 


counter annular 
against the inside of the glass “skirt,” 
when the 
justed to give the correct deflection. 


calibration control is ad- 

On the batch of counters discussed 
in the section on beta efficiency, the 
spread in counting rate with a source 
12%. 


ings from each counter could be accu- 


of this type was The read- 
rately correlated with readings for the 
same counter with the liquid source, 
so that the jig can be regarded as a 

substitute for a liquid 
These foils can be produced 


satisfactory 
standard. 
with a tolerance on activity of +5%. 


Errors 
The causes of error in estimating the 
tolerance level and activity in we/ml 
of a particular water sample may be 
divided into two groups. 
Instrumental errors. The 
indicate that the variation in counting 


results 


rate of different counters, when meas- 
uring identical samples, should never 
be greater than +20%, and will prob- 
ably be less than this figure. If the 
instruments are initially set up with 
calibration sources, the maximum pos- 
sible error at the calibration point 
between any two instruments, if the 
counters are changed without further 
+ 50%, 
including counter and calibration toler- 
ances but 
Due to component tolerances in the 


calibration, will therefore be 
excluding reading errors. 
instrument, the maximum error any- 


+ 60% 
If the setting-up 


where else on the scale may be 
onsome instruments. 
procedure is carried out whenever a 
counter is changed, then the maximum 


error at any point on any scale will 


fall to about +25%. 
Conversion errors. When 


strument reading is converted into a 


the in- 


tolerance level or an activity in we/ml, 
a more important source of error, and 
one that is almost impossible to assess, 
will be the uncertain composition of 
the fission-product activity in water, 
The extent of leaching out will depend 
markedly on the nature and stratifica- 
tion of the ground on which the water 
either falls or through which it passes 
prior to assay; this may modify the 
beta spectrum. In view of the varia- 
tion in counter efficiency with average 


maximum beta energy (Fig. 3), this 


would produce errors in the estimated 


activity. 
The conversion to a fraction of the 




















Tolerance level and 


of time 


FIG. 7. Meter reading and total water ac- 
tivity (beta) to give 1 tolerance as a function 




















FIG. 8. Calibration source 


tolerance level is subject to an addi- 
tional uncertainty since, if the ratio of 
Sr*’ to total activity differs appreciably 
from that assumed in fixing the toler- 
ance levels (2), the true tolerance level 
of a water sample will not be the same 
as that other 


sources of error could be eliminated 


indicated even if all 

Thus, an assay carried out in terms 
of water activity in uwe/ml will prob- 
ably be considerably more accurate 
than if the tolerance seale is used; an 
error in the form of this scale on the 
calculator will not affect the activity 
this 


parameters are independent. 


readings, for in sense the two 

These uncertainties will apply to any 
method that does not measure directly 
the Sr-Ba activity and must limit the 


reliability of the survey. 


Operation 


When the counter is operated with 
points 


the instrument, the following 
must be borne in mind: 

1. The counter has been made water- 
proof and has been protected as far as 
possible against mechanical shock, but 
it will inevitably be less robust than 
the gamma counters used with the 
instrument. 

2. Any liquid with a specific gravity 
not far removed from 1 may be used 
as a diluent, so long as it is not likely 


Thus, 
ous liquids stored in bottles, casks, o1 


to be contaminated. most aque 


tanks will be satisfactory. 
3. No special apparatus need be sup- 


] 


plied for dilution; the counter itself 
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FIG. 9. 


Fission-product beta spectra 


will suffice as a measuring cylinder, so 


long as another clean container is 
available for mixing. 

4, Before making a measurement, the 
background should be recorded with 
the counter filled with clean liquid. If 
this reading is appreciable due to con- 
tamination of the surroundings, it 
must be subtracted from the reading 
obtained with the active liquid before 
conversion to we/ml or tolerance. 

5. If this background reading is made 
dilution, then beta 


tumination of the 


altel any con- 


counter may also 
be corrected for. 

6. Repeated washes with clean water 
will reduce beta contamination of the 
counter, but if this is serious it will be 
counter Io! 


necessary to return the 


specialized treatment. 


Appendix 

Phosphorus-32 has been suggested as a 
source since its maximum 
1.69 Mev, is close to the 
l-day-old 


llow- 


suitable test 
beta energy, 
average maximum energy for 
fission products, 1.6 Mev (Fig. 3 
ever, a plot of the i-day fission product 
spectrum, together with that for P® 
shows gross differences between the two 
spectra, since P*? contains a much higher 
proportion of beta particles in the high- 
energy range. 

rhe table of fission yields compiled by 
Hunter and Ballou (6) were used for the 
present study , but only those components 
expected to be present in drinking water 
were included. All decay chains origi- 
nating in noble gases, the rare earths, and 
4 This left 


the strontium, barium, lanthanum and 


zirconium were excluded 


together with several 


It is probable that 


iodine isotopes, 
small contributions. 
iodine will be present only as a fraction 
of its initial concentration, but, as this is 
not certain, it was included to the full 
extent 

The composite spectrum for 1 day was 
built up by assuming a triangular fre- 
quency-energy spectrum with the apex at 
0.31 of the maximum energy, the area 
being proportional to the fission yield. 
The general shape of the spectrum Was 
not very sensitive to changes in esti- 
mated constitution because of the large 


The 


analyzed 


number of components. resulting 


roughly into two 


A mixture of Sr*? + (Ce!# 
Pr'*) in the ratio of activities 3:1:: 


A thin 


was 


curve Was 
components 
Sr*: Pr gave a satisfactory fit. 


source having these proportions 
made up and analyzed with a beta scintil- 
lation spectrometer (6), down to 0.4 Mev 
The with P4? (? all 
normalized to the same area, appear as 
Fig. 9 


Phosphorus-32 fits the 


results, together 


I-day fission 
spectrum rather more closely than that 
Hursh (4), but 


appreciably 


at 4 days, as given by 
the Sré*Pr'44 
better, at least down to the lowest energy 


mixture Is 


plotted Iixact agreement at very low 
energies is not as important in this ap- 

since the counting efficiency 
G-M 
source falls off rapidly in this region, At 
than | 


mixture will fit 


plication 


ol any counter for an external 


times later day, the suggested 


progressively less well, 
and a different recipe may be necessary 
unless other methods “are ay ailable. 

The over-all efficiency for P® lies very 
that of the Sr Pr 


, and hence, on the basis of this 


close to solution 
(Fig. 4 
measurement, it must be concluded that 
P32 is a this 


counter for the fission products likely to 


satisfactory substitute in 


be the main contaminants in drinking 


at 1 day, 
plained by the fact that, although the P 


wate! The result mav be ex- 
spectrum has an excess of beta particles 
in the energy range O.8—1.4 Mev, there 
an absence of betas above 


effects of 


is Of necessity 
1.7 Mev, the 


oppose ¢ ich other in a counter 


which would 
» * * 


to thank Miss N. W 


radioisotopes and M 
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FIG. 1. 


Parameters for calculation of flux distribution in cylindrical source 


Measurements of Gamma-Ray 
Dosage in Finite Absorbers 


In the utilization of y-ray sources for sterilization, the problem of dosimetry 


arises. 


Measurements of a cylindrical Co” source and concentric absorbers with 


polyvinyl chloride dosimeters agree well with calculated dosage distribution 


By ERNEST J. HENLEY 


Depa of Chemical Engineering 


IGN Of a radiation-process- 
on, three factors must be 
dosimetry: attenuation 
1) beam and dosage dis- 
nd energy absorption in the 
mple. The approach de- 
combines calculations 
’s Law with polyviny|- 


meter measurements. 


Attenuation of the Photon Beam 

Attenuation of the photon beam can 
under very special 
Absorption 
in theory fune- 


ited only 
f equilibrium. 
which are 
f the wavelength of incident 
ol the 


itomic number 


come in practice functions 
ind absorber geometry. 

he case of cobalt gamma rays, 
MA 

im conditions may apply: 


electron equilibrium, 


Vol. 11, No. 10 - October, 1953 


where an additional slice of absorber 
adds as many electrons as it absorbs, 
and (2) secondary photon equilibrium, 
where an additional absorber generates 
Un- 


electron 


as many photons as are absorbed. 
der conditions of secondary 
equilibrium, where Compton absorp- 
tion is the chief process, the Compton 
absorption coefficient, ¢,, describes the 


beam attenuation; under secondary 
photon equilibrium, the total Compton 
coefficient, ¢, + a,, describes the beam 


attentuation 


Dosage Distribution in the.Sample 


Design of sterilization processes must 
in general be based on the point in the 
medium that receives the lowest dos- 
| 


age. Chemical and physical dosime- 


ters developed thus far are not con- 
venient for making these measurements 
directly, particularly in small-volume 


elements 


Energy Absorption in the Sample 


From the standpoint of chemical and 
effects, or 


ments, it is the energy, 


biological dose mensure- 


and therefore 


the gradient of the flux absorbed in the 
sample rather than the flux itself, that 
need be considered. 

The intensity gradient can be related 
directly to the dose by conventional 
dosimeters only under the two con- 
stuted: (1) 


electron equilibrium, where the Gray- 


ditions under secondary 


Bragg principle applies, and (2) under 
secondary photon equilibrium when 
(1/T)/(D/Do) 1, where D 
and J 


There are 


dose 
intensity. 
two ways of answering 
these three problems 

1. Experimentally by means of a 
very small dosimeter, such as the poly- 
vinyl chloride films. The dosage dis- 
tribution and the energy absorbed can 
then be directly, and the 
beam attenuation may be calculated 

2. Determine the attenuation of the 


assuming a Beer's 


measured 


beam by Law ab- 


sorption and allow for the geometry 


factors. From this one may calculate 
the dosage and the dosage distribution. 
However, the Beer's Law coefficient 
must be correctly chosen. 


A combination of the two tee hniques 
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can therefore be used to establish ap- 
The 


measurements and the calculations are 


parent absorption coefficients. 
applicable only to the specific system 
under consideration, but the principles 
and the general approach apply to any 
problem in dosimetry. 


Experimental Procedure 


The polyvinyl 
used was developed by 
Miller (1). The Co radiation source 
is a prototype of the one described by 
Manowitz (2). It consists of a cobalt 
pipe, 13.5-in. long, 2.8-cm o.d., that has 


chloride dosimeter 


Henley and 


been activated in the Brookhaven Re- 
actor. The pipe is encased in alumi- 
num and enclosed in a lead vault 

The irradiations were carried out by 
placing the samples in an aluminum 
‘anister, which is then lowered by re- 
mote control into the vault and cen- 
tered so that the canister is concentric 
with, the Co®, The 
dose rate in air was 72,000 r/hr at the 


and inside of, 


center of the source. 


Polyvinyl] chloride films, 34 
and 0.0016 in. thick, 


“st 


bo In 
were placed be- 
Various 


tween ‘‘sandwiches” of the 


irradiated materials. Rods or pipe of 
Lucite, aluminum, 
fabricated 


iron, copper, and 


lead were into concentric 
cylindrical absorbers and telescoped to 
fit into the aluminum basket 
for the aluminum, all metals used were 
more than 99% pure. 
61 ST alloy contained 1.5% Cu, 0.7% 
Fe, 0.2% Zn, and 0.15% Cr. The ab- 


sorbers were machined to fit inside of 


xcept 


The aluminum 


each other with a clearance of 0.004 in, 


or less. 


Discussion of Results 


Insofar as the results may be used 
to obtain answers to the questions of 
attenuation, dosage distribution, and 
energy absorption, it may be useful to 
discuss the data in the light of these 


concepts. 


Attenuation of the Photon Beam 


Unless the incident energy is deter- 


mined absolutely by an absorption cal- 
this 


under 


orimeter, measurement must be 


equilibrium conditions 
with 
chemical The 

chloride films were calibrated by plac- 


made 


with ion chambers o1 film o1 


dosimeters. polyvinvl 
ing them in the same spot, under the 
same conditions, as an ion chamber 
that recorded D roentgens (})) and J in 
this discussion are per unit time ove! 
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FIG. 2. Calculated variation of flux inten- 
sity with distance from source axis 


one time interval); then D was set 
equal to the color change in the films. 

With the films placed in two air 
cavities in a solid absorber along the 
axis of a photon beam, x em apart, 
assume that one film records a color 
change equivalent to D, and the other 
If the equilib- 
rium conditions are identical to those 


a change equal to D’, 
under which the films are calibrated, 
these two measurements give the pho- 
ton flux at the two points. Since the 
film was calibrated in roentgens, some 
primary conversions must be made to 
calculate the photon flux. 

The incident energy 
lated from a formula derivable directly 
from the definition of the roentgen as a 


can be caleu- 


number of ionizations per gram of air 
5.18 XK 10-"erg , lonization 
x 2.08 & 10° 


ionization em? air 


0.108 ergs em~* 


energy in 


is the ineident 


Then, if / 
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FIG. 3. Measured dosage distribution 


ergs/cm? and yp is the absorption coef- 
ficient of the air at that wavelength 


wl = 0.108 D 
for Co 7's, taking 


yu= 3.5 x 10 cin 
I = 3.09 * 10° Derg/cm? 


This is the flux incident on both the 
films and the ion chamber when they 
read D roentgens. 

Another 
photon beam (J 
(Io), and then, assuming 


method of calculating the 
is to measure the flux 
at one point 
a Beer’s Law absorption and inverse- 


square efiects 
I = I, e7#*/zx? 


For a cylindrical there are 
three variables that affect the flux dis- 
tribution inside a source of finite length : 

Position of sample with respect to 
vertical axis. Consider the intensity 
at (0,0) due to the radioactive 
ment dA (Fig. 1A In 


coordinates 


source, 


ele- 


evlindrical 


Loe 


A, da V/A*) dA 


Ka, I Rd6dl 


a \ 


where [ intensity due to a unit 


amount of activity at a unit distance 


in r/hr, a curles per surlace area, 
a distance from active element to a 
point, A = experimental constant, and 
iM absorption coefficient. 

KN ee . 

dl - - dA 

A? . 

Solving 
“ 


] 2I, Rr | 


A 


In spherical coordinates 


d@dé 


») 


Equation 2 has been solved by Sievert 
3), and the values are tabulated by 
Wilson (4). 
Position of sample with respect to 
horizontal Contributions to a 


point off the axis (Fig. 1B) are given by 


axis. 


i + R? 2Rx cos6é 
x? + R? + |? — 2Rz cos8 
Substituting in Eq. 1 
21oRr _ 
A 
R Rz cos %) ¥ 


 |- + R? 
October, 1953 - NUCLEONICS 


- dl (4 


2Rx cos 6 





Equation 4 holds for the simple case 
where the cavity is filled with a uni- 
homogeneous me- 


formly absorbing, 


dium. The integral is identical with 
the one given by Sheppard (8) 

Effect of nonhomogeneous ab- 
sorbers. When the source cavity is 
filled with three concentric absorbing 
cylinders, a, 6, and ¢ in thickness, the 


mathematics become more involved. 


The rigorous solution is unmanageable, 
and due to the complete lack of sym- 
metry, there appears to be no 
that 


graphical integration. 


easy 
simplification would permit a 

Since the gamma rays travel through 
at least 0.6 cm of cobalt and two layers 
the 


nonhomogeneous 


of aluminum before they reach 
sample, the case of 
absorption is important enough to 
warrant an approximate solution. 


Assuming a cosine relationship (Fig. 


+ (bya 


; dldé 


2Rz cos 6 , 
(mirit mare t mara) 


2x cos 6 
x dédl (5) 
Equation 5 has been solved numerically 
by methods ot 
and the results are presented in Fig. 2. 


mechanical cubature, 


Fortunately the assumptions made 
constitute a rather good approxima- 
tion: at the center, where the solution 
becomes exact, a comparison between 
Ieqs. 4 and 5 gives the expected results. 
The intensities predicted by Eq. 4 are 
high for the low mw values and low for 
the high uw values. In Fig. 2 this is 
shown by the circles that 
lated from Eq. 4. 


were calcu- 


Dosage Distribution in the Sample 
Figure 3 is a plot of the experimental 
data obtained with the polyvinyl chlo- 
ride films. The general shape and 
characteristics of these curves compare 
quite we ll with the calculated curves ol 
Fig. 2. An the 
high intensity at the surface of 
the lead This 
cribed to the high back-scattering of 
the lead 


interesting result is 


absorber. can be as- 


electrons from 


secondary 


cylinder (6). 
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Comparison of Calculated and Experimental Absorption Coefficients 


Intensity at center 


V easure d 
ergs /em?* /hi Relative 


Absorber x 10 to aur 


Air 
Lucite 
Al 

Fe 

Cu 
Pb 


I 
(ergs cm? hy 


x 107°) 


Cal ulate d 


E rperime ntal 


0.031 
0.065 
0.185 
0.235 


O34 





The sets of data for iron and copper 
were analyzed statistically to deter- 
the difference of 40 between 
The standard 
deviation of the difference is 1; there- 
fore the 95% confidence limit is 40 + 


mine if 


the sets is significant. 


2, and there can be no question about 


2. 
t 


he significance of the difference. 


Total Dosage Absorbed by Sample 
The dosage absorbed can be directly 
determined by averaging the experi- 
mental values obtained by the films. 
It can also be obtained from the inten- 
sity calculations in an indirect manner. 
If a plot of J versus dosage such as 
Fig. 2 is calculated at a series of points 
x em apart, the energy absorbed in 


ergs/em, or roentgens, will be 


M fe Idx 


Ze — 21 


D = Iu (6) 


where J = average photon intensity. 

A method of determining D is there- 
fore: (1) calculate the theoretical in- 
tensity in terms of the inverse square 
law and a Beer’s Law absorption, and 
(2) determine the apparent absorption 
coefficient under the conditions of the 
experiment. 

The apparent absorption coefficients 
were obtained by matching the inten- 
sity (relative to air) at the center of 
the source as calculated from the poly- 
vinyl chloride film measurements with 
the corresponding intensity from Fig. 2, 
which was calculated using an arbi- 
These 


given 


experimental coef- 
in the table. The 
calculated a, + 7 was obtained by aver- 
White (7) 
There is a good agree- 


trary wu 
ficients are 


aging the values of and 
Davisson (3). 
theoretical and ex- 
This is 


heavier 


ment between the 


perimental data. somewhat 


surprising for the elements, 


since, if a photon path length of about 
3.5 em is assumed, it would be expected 
that a the 
scattered radiation has been absorbed. 


considerable amount of 
Since there are no other data available, 
it is a difficult matter to judge where 
and if a discrepancy exists. 

The energy absorbed by the sample 
is given in the table. It was obtained 
by multiplying the average intensity 
(obtained by numerical integration of 
gq. 6) by the experimental absorption 
coefficient. This procedure is not ab- 
solutely reliable since it is likely that 
the absorption coefficient is not con- 
stant throughout the sample 

This cannot be easily remedied. It 
is, for all practical purposes, impossible 
to solve the exact field geometry equa- 
tions. The approximate solution to 
the field geometry problem, Eq. 5, is 
only rigorous near the center of the 
source. 

For any design or shielding caleu- 
lations, it would be convenient to ob- 
tain the absorption coefficients as a 
function of distance from the beam 


w= + oaf; (2/%a) + .f2(4/2,) (7) 


the distances 


and 


where z, and a, are 


for secondary electron photon 
equilibrium, 

It will require a broad experimental 
program to determine the 


f, and f2, and the quantities x, and z,. 


functions 
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Radiation Decomposition of 
Carbon-14-Labeled Compounds 


Self-irradiation produces much more decomposition than had been expected for 


several labeled organic compounds. 


Data to date are reported here, and 


methods for determining radiopurity and preventing decomposition are considered 


By RICHARD M, LEMMON 


Radiation Laboratory 
University of California 


Berkeley, California 


RECENT OBSERVATIONS at several labo- 
ratories (1-3) have shown that organic 
compounds labeled with carbon-14 are 
capable of extensive decomposition 
under the influence of their own radi- 
view of the volume. of 


with the aid of 


ation. In 
research carried on 
these compounds, it is important that 
researchers recognize this hazard to 
correct. interpretation of their experi- 
mental results. 

The previous confidence felt by re- 
that there little 


of serious decompos ition 


was prob 


searchers 
ability was 
held largely because of the low average 
energy (49-50 kev) of the beta particles 
emitted by the isotope 

Although nearly all the betas are ab- 
labeled 


compound, and the specific ionization 


sorbed in a solid sample of a 


is thus very high, only a small amount 
of radiation decomposition should be 
expected. For example, in the case 
of a compound containing one milli- 
of C™ per 
high specific activity), it has 
ealculated (2) that the 
should destroy the compound at a rate 
However, the 


curie millimole (a rather 
been 


radiation 


of only 0.8% per year. 
data presented in this article suggest 
that occasionally decomposition may 
proceed through some type of chain 
reaction, and that destruction of the 
labeled compound may thus be fai 


more severe than expected. It is the 
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this enhanced decom- 


position that is particularly disturbing. 


possibility of 


Examples of Self-Decomposition 


The data gathered so far on the 
radiation decomposition of C!*-labeled 
compounds. are summarized in the 
table on the next page. 

Calcium glycolates. 
observed by 5. 


Decomposi- 
tion Weinhouse 
| He found that both glycolates de- 


composed to give radioactive formate. 


was 


Since several thousand molecules 
are decomposed by each beta particle 
emitted, there 
that 


damage should be dependent upon the 


seems no reason to 


expect the amount of radiation 
particular source of the C'* betas, Le., 
whether the glycolate is I-labeled o1 


2-labeled. 


G values 


The difference between the 


may have arisen from the 
production of volatile radioactive de- 
that 


therefore 


composition products escaped 
detection. It is 
that the G values actually are equal. 
Methyl-labeled choline chloride. 
This compound [(C'™H,);NCH.CH.- 
OH |*Cl- is the most striking example 


of radiation decomposition (1). Se- 


possible 


vere destruction (63%) was observed 
even though the anhydrous choline 
chloride samples had been stored in 
the dark in 


The main products of the decomposi- 


sealed evacuated tubes. 


tion radioactive trimethylamine 


were 
and inactive acetaldehyde; thus the 


principal result was the breaking of 


the bond between the nitrogen and 


earbon atoms of the ethanol group 


The abnormal sensitivity of choline 


chloride to radiation damage has heen 


further demonstrated (unpublished 


work) at the Radiation Laboratory of 
the University of California by expos- 
ing the unlabeled compound to the 
y-radiation of a Co® source and to the 
a 3-Mevy 
In both experiments the 


B-radiation of linear electron 
accelerator. 
choline chloride was found to be very 
sensitive to the radiation. The y-ra- 
(ii Mev, 2.7 X 10 
caused 67% decomposition; the -ra- 
51% 


“a given amount 


diation rep) 


diation (5 * 10® rep) caused 
That 


of y-radiation causes less destruction 


decomposition. 
than the same amount of 6-radiation 
is to be expected since, for a given 
energy, the specific ionization induced 
by the former is far lower. 
Methanol. 
prepared by the Oak Ridge group (3) 
activity S-10 me 


This compound was 


with a specific 
that is one of the highest ever 
After 21 months of storage 


mmole 
reported. 
in sealed ampoules, the methanol was 
found to have yielded considerable gas 
5.4 molecules per 100 ev, identified as 


methane and hvdrogen) along with 


material less volatile than methanol. 
These latte: products were identified 
and erythritol 


CHOH—CH.OH), 


in the ratio ol 


as giveol, glycerol 
HOCH.—CHOH 
ind they were present 
1,.360:15:1. The 


exhibit a chain reaction in its decom- 


methanol seems to 


position, but the chain is far shorter 


than it is in the case of choline. 
Methyl iodide. Wagner 


) 
1) 


nade an accurate spectrophoto- 


ind Guinn 


estimation of the free iodine 
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C'*-Labeled Compounds Decomposed by Self-Irradiation 


Amt. radiation ~ 
(rep X 10~*)* 


Compound 
Calcium glycolate-1-C™ 25.4 
Calcium glycolate-2-C'* 7.5 
Choline-methyl]-C ,'*-chloride 10.7 
Methanol-C!* 59 
Methyl iodide-C™ : 
Norleucine-3-C™ 17 ./ 
Norvaline-3-C'* - HC] 40.3 
Valine-4,4’-C,"4 - HCl 8.2 


* The relationships for the calculations of these figures are given in ref. (1). 


Observed G 
(molecules 
4 decomp. / 

Calc.t 100 ev) 


Decomposition (%) 


Observed Ref. 


13 1.3 31 
22 0.9 77 
63 0.4 490 
5.1 12 
0.12 
0.6 
ef 
0.3 


Differences 


between some of these figures and those of (1) are due to small errors in the earlier 


calculations. 


t These calculations are made with the assumptions that (a) all of the emitted beta parti- 
cles are absorbed by the compound itself, (b) the decomposition is caused solely by the 
ionization produced by electron impact, (c) the average energy !oss is 32.5 electron volts 
per ion pair formed, (d) the ionization always results in molecular decomposition, and (e) 
there is no-recombination of dissociated radicals or ions to the original molecule. 


thi 
during Its storage in evacuated tubes. 


produced in labeled compound 
This measurement agrees closely with 
the 
basis of no 
probable that 
('4labeled 


decomposition caleulated on the 
It is very 
majority of 


chain reactions. 
the 
compounds 
about this rate. 
Norleucine, norvaline and valine. 


great 
will decom- 


pose at 


These were shown, via paper chroma- 
tography and autoradiography (1), to 
show small amounts of decomposition. 
Through the use of the same methods, 
comparable amounts of self-radiation 
have been shown (1) to give less than 
1 the 
compounds: glycine-2-C “HCI; guanine 
hvdrochloride-4-C'*; S-azaguanine- 
1-C''4; adenine sulfate-4,6-C."; S-aza- 


decomposition in following 


adenine-4,6-C,"*; stilbamidine diisethi- 


onate-amidine-C.'4; thyroxine-a-C'; 


and suceinie acid-2-C',” 


Determination of Radiopurity 


In general, ordinary chemical and 
tests 


determine the presence of small quan- 


physical are not adequate to 
tities of radioactive breakdown prod- 
labeled 


fraction of 


ucts. Such impurities may 
the total 


material but, at the same time, a large 


he a negligible 
fraction of the total radioactivity. 

The most convenient general method 
the 


nonvolatile 


for establishing presence or ab- 


sence of radioactive im- 
purities is by preparing a ‘‘two-dimen- 
the 


finally, 


sional’”’ chromatogram of 
tested and, 
X-ray-film autoradio- 


chromatogram. This 


papel 
material to be 
preparing an 


graph of the 


Vol. 11, No. 10 - October, 1953 


autoradiograph will have one spot for 
each labeled species in the chromato- 
the 
present in 
may then 
be determined directly on the paper 
G-M tube. If 
only one spot is observed on the X-ray 


graphed material; in addition, 


fraction of radioactivity 


each radioactive impurity 


with a thin-window 


film, a high degree of radiopurity is 
indicated. 

If the presence of a volatile radio- 
active impurity is suspected, a paper 
chromatogram may be prepared so 
that the impurity lost. 
For example, the volatile trimethyl- 


will not be 


amine that resulted from decomposi- 
labeled 
retained on a 


tion of choline chloride was 


paper chromatogram 
through the use of an acidie solvent 
(1). If this procedure cannot be fol- 
lowed, any volatile decomposition 
products may be removed by dissolving 
the labeled compound in an appropriate 
solvent and then evaporating the sys- 


nally, after possible volatile impurities 


tem to dryness under vacuum. 


are thus removed, the paper chroma- 
tography may then be employed to 
determine if any nonvolatile radioac- 
tive impurities are present. There are 
several references in the literature (6-8) 


to such use of paper chromatograms. 


Prevention of Decomposition 


There are several methods available 


by which the effects of radiation de- 
composition may be minimized: 

1. Low specific activity. The spe- 
cifie activities of labered compounds 


should be kept as low as_ possible. 


C'*assay instruments 


Such low-level 
as scintillation counters and ionization 
chambers reduce the need, for most 
research problems, for labeling to the 
point where radiation decomposition 
may become troublesome. 

2. Dilute solutions. 


labeled compound in dilute solution 


Storage of a 


will minimize radiation effects by pro- 
viding an absorber (the solvent itself) 
for the radiation. Although secondary 
chemical effects 
formed in the solution may contribute 


from free radicals 
to radiation decomposition, these ef- 
fects will be extremely small if the 
solution is dilute and if the solvent is 
with 
disulfide and 
produce few free radicals when sub- 


chosen eare. Solvents such as 


carbon benzene, which 


jected to radiation (4), should be 
excellent. 


3. Solid additives. labeled 


compounds may be stored as an inti- 


Solid 


mate mixture with a large amount of 
an inert, finely-divided solid, such as 
powdered glass. In this manner, other 
material would be present to absorb 
radiation, and the labeled compound 
could be separated by solution imme- 
diately prior to use. However, for 
this method to be effective the labeled 
compound must be reduced to a very 
fine powder. The maximum range of 
C' beta radiation (150 kev) is approxi- 
mately 28 mg/em?* (9) and the range 
of the average particle (50 kev) is only 
This 
substance with a density of | gm/cm* 
the of the C'* beta 
radiation is only 0.09-0.10 mm. 
Therefore, the solid particles of a sub- 


9-10 mg/em?. means that in a 


range average 


stance with this density should be 


reduced to a size where the average 
diameter is at least less than 0.1 mm. 


* a * 


The author wishes to thank Prof. M. Calvin 
and Dr. Edward L. Bennett for reading the 
manuscript and for helpful discussions. The 
work described in this article was sponsored 


by the U.S, Atomic Energy Commission, 
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FLUORINE-18: 


Preparation, Properties, Uses 


Fluorine-18 is available by a number 
of convenient nuclear syntheses, 
opening up a wide potential for tracer 
studies. The authors discuss the most 
practical methods for preparing the 
nuclide and working with it to study a 


wide variety of chemical problems 


BY RICHARD B. BERNSTEIN* and 
JOSEPH J. KATZ 

Department of Chemistry 

Illinois Institute of Technology 

and Chemistry Division 

Argonne National Laboratory 
Chicago, Illinois 
THE cHEMISTRY Of fluorine has at 
tracted 
recent years. 


attention in 
when both 


increasing 
1940, 


ever 
since 
inorganic and organic compounds of 
fluorine began to play an important 
role in the field of nuclear energy (J 
steadily 
work of 


in this element has 
The 


and his 


interest 
mounted. important 
Ey meléus 
halogen fluorides (2), the development 
of industrially important fluorine plas 
ties [polychlorotrifluoroethylene 
polytetrafluoroethylene (4)], and sue- 
cessful syntheses of fluorocarbon chem- 
icals by Cady, McBee, Millet 
and others, all serve to illustrate the 
activity in this 
volumes by 


Simons 
current burgeoning 
field. Two recent 
(4) and by Haszeldine and Sharpe 6) 
much The 


simons 


summarize recent work 
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FIG. 1. 


biological significance of fluorine as a 
trace element has also been responsible 
for much recent research. In consid- 
ering the future course of research in 
these and other fields of fluorine chem- 
istry, it becomes appropriate to exam- 
ine possible contributions that tracer 


techniques may be able to make. 


Preparation of Fluorine-18 


Although fluorine, occurring in na- 


ture, is monoisotopic, a number of 
radioisotopes have been synthesized. 
The these is F!>, a 
positron emitter with a half-life of 
While this half-life is rathe 


nevertheless, it is 


longest-liv ed of 


112 min. 
short 
utilize it for a wide variety of studies 
This first described by 
Snell (7) Pool, Cork 
Thornton (8) in 1937. Snell observed 
a 112 


acterized chemically 


possible to 
nuclide was 
and by and 
t min activity which he char- 
as a fluorine iso- 
with 


neon gas 


bombarding 


Pool et al. (8) ob- 


tope, on 
5-Mey 
tained a fluorine activity by bombard- 
ment of FF! fast 
attributed the formation of F'* to an 
Both 
this activity as a positron emitter. 


deuterons. 


with neutrons and 


ur 2n) reaction. characterized 


Copper vessel for gas-phase counting 


I'S has been detected as 


a reaction product in a large number 


Since then 


reactions. These are sum- 


1; the order follows 


of nuclear 
marized in Table 
that of Hollander, 


borg’s table of isotopes (9). 


Perlman, and Sea- 


As Table 1 shows, a wide variety of 
vield F', Not 


all of these, however, are of practical 


nuclear reactions will 


significance; methods that are of pre- 
later. 
Here we will point out only that both 


parative value are discussed 
eyclotron and betatron bombardment 
can be used effectively, and that the 
used to 


nuclear reactor 15) can be 


very good advantage in F'* preparation. 

Considering the nuclear properties of 
F's, it was soon observed that F!* de- 
Zah-Wei 
spectrum 

that a 
gamma ray was associated with decay. 
that no 


associated 


cays by positron emission. 
Ho (27) reported that the 8" 
two-fold and 


wus complex, 


Knox (28), however, found 
Wis 
Blaser, Boehm, 


in turn found that 


nuclear 
with the decay of F's, 


gamma ray 


and Marimer (29 
the 8* spectrum was simple, with an 
635 15 kev. 


Richardson (23) confirmed this obser- 


energy of tuby and 


and determined 
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the addition of HCland Pb(CH;sCOQ) >». 
TABLE 1—-Formation of F'* by Various Nuclear Reactions The PbCIF precipitate was washed, 
centrifuged and counted by conven- 

Energy of tional methods. 
bombarding Physical There has been little attention given 
particle constants to the problem of precise radio-assay 
Mev) Target Yield reported of F' in the liquid phase. Rogers and 
Katz (33) used an aluminum vessel to 
10 PbO Erratic = 107,115 contain samples of liquid hydrogen 
10 min fluoride under its vapor pressure at 
room temperature. <A thin-walled 
107 min mica end-window counter was placed 
6 + .07 Mev adjacent to the bottom (0.010 ° in. 
O., CdO, HO tu = 112 min g thick) of the chamber. Ditficulty in 


NaOH tis 
+= (0 


WO; gt = 0.7 Mev reproducibly filling the sample holder 

PbO tig = 114 min 3 was probably the major factor respon- 
8 0.7 Mey sible for the poor precision. 

WOs 4 = 114 min Most of the precise counting of F' 

LINO; SFIS tis = 110 min 5 has been done in the gas phase. Dod- 

B* = 0.7 Mev gen and Libby (34) used a counter with 

0.56 Mey a 0.010 in. aluminum wall contained in 

108 min: 8* 8 a brass jacket, sealed with Teflon 

. gaskets. Into this counter gaseous 

Cross sec- ; = 112 + 2min : 

tion 3.9 : hydrogen fluoride or fluorine was ad- 


x 10-27 em? mitted. The gas volume was 67 ml. 


we The pressure in the counting chamber 

20 iF 3.48 mb tis = 112 
100 ti, = 112 
50-100 AF 2.7 rel. to ty = 110 g ” 
Ni4(y,n)N!3 gt = 0.7 Mev Rage. 

70 tu = 112 min of 1,000-5,000 epm for gas samples at 


IF ‘ 112 0.5 atmospheres were customarily ob- 
d ‘3 4 = = 


Bt = 649 +9 kev 


was measured with a bronze tube Dura 
gage or a brass diaphragm ‘‘click 
Counting rates of the order 


tained. All activities were corrected 
for decay, back to a convenient initial 
Ne (gas) ty = 112+4 min. 


- time, using a half-life of 112 min 
8* max 500 kev 


Individual values of specific activity 
Na,CO;, 0.17 rel.to tig = 112 min 4 were quoted with an uncertainty of 
NaNO N!4(y,n)N}3 about +2%. 
Spallation reactions Rogers and Katz (33) assayed F'* 
with high-energy in the form of gaseous HF, CLF; and 
protons BrF;. The gases were contained in a 
LixCO;, 4.1 X 10% ty = 112 min 26 copper vessel (600 ml) in which a 
HBO, Victoreen 1B85 aluminum Thyrode 
Teflon 2.2 K 107? 
Metal foil 8.4 K 107% 
NH.Cl 2.2 < 1078 
Metal foil 8 K 107° 
Metal foil 1.6 X 10 Fluorothene gasket. Lacquer was re- 


was situated (Fig. 1). A vacuum- 
tight seal was made between the Thy- 
rode and the copper vessel with a 


Metal foil 4.4 * 10 moved from the outside of the countet 
Metal foil 3 K 107° 26 tube, and a thin layer of Fluorothene 
grease was used to protect the soldered 
joint at the end of the tube. The life 
of a given counter tube was approxi- 





649 + 9 kev for the 8* deeay of F'*. are listed in Table 2. The only con- mately one month under continuous 
These investigators also found the venient isotope for tracer studies is operation with fluoride vapors. 
ground state of F'* to be *S;, and the the longest-lived nuclide, F'*. Its Weighed samples of radioactive HF, 
disintegration energy Qg* = 1.67 Mev. annihilation gamma rays [0.56 Mev CIF, or Brk’s were introduced into the 
The annihilation gamma was found (15)] are readily counted, so that chamber for determination of specific 
by Knight, Novey, Cannon and Turke-  radio-assay is fairly simple. Fluo- activity. For gas samples at pressures 
to be 0.56 Mev. rine-18 has been counted in the form in the region of 1 atmosphere, counts 
; ; of a solid, PbCIF (14), a liquid, HF — of the order of 5,000-10,000 epm were 
Radiochemical Properties (33), and various gases such as HF, obtained. A small loss in handling 
Klemental fluorine occurs in nature CIF, BrFs, IF;, and F, (34). was always observed. 
as F'*, Three radioisotopes have been Knight et al. (15) precipitated radio- One of the important sources of error 
prepared. Their nuclear properties fluoride ion from aqueous solution by — in the radio-assay was the rather high 


Vol. 11, No. 10 - October, 1953 47 





background in the counter due to the 
exchange of F'* between radioactive 
HF and the 
CuF>:, necessarily exposed to the gas 
during the counting periods 
the reliability 
of the determinations of specific activ- 
1%. 


used essen- 


surfaces of All ind 


Jecause 


of this and other factors 


ity was believed limited to about 

Bernstein and Katz (34) 
tially the same technique for the assay 
of HF, F., CIF;, BrF; and IF;, 


that activities were computed on the 


except 


basis of pressures rather than weights 
of the fluoride. 
polymerization in the case of hydrogen 
fluoride, it is take 
account the strong dependence of the 


gaseous Jecause of 


necessary to into 


molecular weight upon pressure and 


CIF a 


dimerization (387) is 


temperature (36). For small 
correction — for 
necessary. Figure 2 shows a typical 
decay plot for F'* in the form of CIFs. 
The original pressure of CIF; in the 
counting vessel was 500 mm Hg 

After following the decay for ap- 
proximately one half-life, the CIF, was 
removed from the chamber, which was 
then evacuated for background count. 
Then a portion of the CLF; was re- 
turned to the counting vessel (to a 
250 


resumed. No 


pressure of mm) and counting 


significant change in 


specific activity occurred. Figure 3 


shows typical decay plots for F!* in 


HF, ClFs and BrFs. 


wus observed with IF; and F 


Similar behavior 
Half- 
lives of 112 + 1 min were consistently 
obtained for F!* regardless of the car- 
rier species, 
Adams, 
employed a nickel counting chamber; 
back- 
ground ascribed to the heterogeneous 


Bernstein and Katz (38) 


this appreciably reduced the 


exchange with the surface. Evacua 


tion of the counting vessel removed 
more than 99% of the activity By 


the use of Fluorothene wax over the 


solder joint on the 1B85 Thyrode, the 


tube life extended significantly. 


Gas pressures were measured to +0.2 


was 


mm with a nickel diaphragm Booth- 
Cromer (39) null balance gage with an 
external pneumatic balancing system. 
Counting rates were 3,000—10,000 epm, 
taken at 
Specific activities were ob- 


with I-min counts 5-min 
intervals, 
tained from consideration of a large 
number of points along a decay curve, 
thus improving the statistical accuracy. 
By careful attention to detail, it was 
possible to attain a precision of +1% 
in specific activity. 


No attempt has been made to im- 
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TABLE 2—-Nuclear Properties 
Fluorine Isotopes 


Ene rgy of 
radiation 
Ve Ref 


[ sotope Half-life Bef 


708 
0.649 p* 112 m 
Stable 
5.418 3 10.78 


’ 


1.631 4 





prove the geometry of the F!* counting 


chamber. For work involving a lower 
level of activity, this would seem to be 
quite necessary, since the relatively 
short half-life limits the period of 
counting and thus the statistical 
accuracy of the assay. Reduction of 
the annular gas space to a minimum 
volume would probably be the simplest 
method of 
Further developments would be very 


increasing the efficiency. 
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FIG. 2. Suitability of chlorine trifluoride 
for counting of fluorine-18 

















FIG. 3. 


gases 


Counting of fluorine-18 in various 


valuable in extending the scope of 


investigations with F!°, 


Preparation and Handling of F’® 

Of the large number of nuclear reac- 
tions that lead to the 
F'* (Table 1) 
ods have proved convenient for routine 


production ol 
only three general meth- 
application. The nuclear reactions are 
listed in Table 3 together 


relevant information. 


with other 


For most applications any of the 
methods of 
Activities of 5,000—20,000 


three preparation are 
acceptable. 
cpm are easily obtained. The choice 
would be dictated by the availability 

For production ol car- 
the third 
quired Here one irradiates a sample 
of about 1 gm of LiNOs or LiAlOy, in 
the thermal neutron beam of a nuclear 
pile for 1-8 hr. After a short cooling 
period the sample may be put 
radiofluo- 


ol equipment. 


rier-free I! method is re- 


into 
solution, giving carrier-free 
ride ion at a fairly high level of activity. 

Radiochemical purity of the F!* is 


extremely high for the first and second 


methods, which are primary reactions 
of the fluorine with the incident pho- 
lust 
the third 


reaction 


tons and neutrons, respectively 


However method is essen- 


tially a secondary and radio- 
active contamination is serious unless 
stringent precautions are observed re- 
materials ir- 
radiated. Knight, et ai. (14) 
lated that the yield of F'’ from LiNO,; 
F's nuclei 


garding purity of the 


calcu- 


is approximately 2 x 1075 
per triton produced from the LiNOs. 
Thus, 


small 


any trace impurities, even of 


thermal-neutron cross-section, 
would be capable of introducing very 
large spurious activities relative to the 
F'’ produced by the triton reaction. 
Adams Katz (38) 
found that chlorine and bromine were 
the most 
the viewpoint of radiochemical purity. 


Bernstein and 


serious contaminants from 
In one experiment, an intimate, equi- 
saker and Co.), 
and Al.O; was 
reactor tor two 
data on the 
The 
ratio of the Cl to F'® activities, extra- 
polated back to the time of removal 


molar mixture of Lif 
containing 0.002% Cl 
irradiated in a nucleat 
Figure t shows 
decay of the contaminated CIF. 


hours 


of the sample from the pile, was about 
0.2 To 


nation, materials containing 


radiocontami- 
0.002 % 
an S-hi 


minimize this 


Cl were employed, and after 
bombardment the samples were given 
a cooling period of 4 hr to allow for 


of the Cl, 
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decay Figure 5 shows a 





decay curve extended over four half- 
lives of F'’, indicating satisfactory 
radiochemical purity, with a half-life 
of 112 


Radiobromine isotopes (SO and 82) 


1 min. 


formed from trace impurities of Br 
presented a lesser problem. However, 
after 8-10 hr the 
Br*? (34 hr) was a perceptible fraction 
of the F"* activity. Fortunately, most 
of the experiments with radiofluorine 


contribution from 


are necessarily completed in less than 
four half-lives. 

There was little suecess in reducing 
the radioactive halogen impurities by 
chemical or physical methods either 
after irradiation. Despite 
complications, the nuclear re- 


before o1 
these 
actor is a very convenient source of 
I's, and virtually essential for studies 
involving carrier-free F', 
Incorporation of F'* into various 
molecules. In the case of the first and 
second methods, the irradiated samples 
containing F!* in a carrier of fluoride 


may be put into aqueous solution, 


giving a tracer of radiofluoride ion. 
Preparation of labelled salts may be 
accomplished by conventional wet 
methods, 

Much of the attention in the litera- 
ture, however, has been centered on the 
preparation and labelled 
gaseous and liquid fluorides, such as 


fluoride, fluorine and the 


reaction of 


hydrogen 
halogen fluorides. 

The conversion of labelled KHF.* 
to HF* is readily 
heating to 400° C in a nickel or copper 
vessel, previously pretreated with HF 
or | The HF* may be transferred 
by trap-to-trap distillation. It is read- 
ily absorbed by anhydrous NaF pellets 
at 100° C; upon re-heating to 400° the 
NaHF,* 
half 


recoyve red. 


accomplished by 


is decomposed, and HF* of 
the original specific activity is 
Isotopic exchange between 
gaseous or liquid HI and the solid 
fluorides and bifluorides is apparently 
rapid and complete (33). 

Two methods have been used for the 
preparation of labelled halogen fluo- 
rides. The halogen fluoride may be 
exchanged with HF* in the liquid or 
The gas-phase 
has found to 


state. ex- 


gaseous 
change reaction been 
reach equilibrium in less than 3 min; 
the liquid 
attained in than 10 min 
After mixing, the HF* is removed by 


where feasible, followed 


equilibrium in phase is 


less (33). 
lractionation 
by passage through a column of NaF 
The 
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1 llets labelled halogen fluoride 


may be further purified by trap-to-trap 
distillation, using suitable temperature 
baths, with retention of the center cut. 

Radioactive halogen fluorides may 
also be prepared by exchange with the 
LiF*-Al,0; sample. The halogen fluo- 
ride, preferably liquified under its own 
vapor pressure, is allowed to remain in 
contact with the LiF *-Al,Os, previously 
outgassed, for 10-20 min (34). Ex- 
change is accelerated by warming to 
50°-100° C. Due to the extreme reac- 
tivity of the halogen fluorides, some 
noncondensible gas (presumably O.) is 
usually formed during the time of ex- 
change. This must be removed, and 
then the labelled halogen fluoride frac- 
trap-to-trap distillation. 
some difficulty was 


tionated by 
In the case of BrF’s, 
encountered because of a brown im- 
purity, presumed to be BrF, which 
arose during exposure to the LiF-Al,O; 
mixture. To remove this completely, 
the sample is treated with elemental 
fluorine and distilled. 

To obtain radioactive elemental fluo- 
rine, the gas-phase exchange reaction 
labelled HF or one of the 
halogen fluorides is utilized. These 
exchanges are rapid and complete (34) 
at temperatures in the neighborhood of 
250° C, The 
reactions are preferably carried out in 


between 


at pressures of 1-2 atm. 


pre-fluorinated nickel vessels. 

For experiments involving weighed 
samples of HF or halogen fluorides, a 
small Fluorothene ampoule was con- 
a special small Crane 
The ampoule, weigh- 


structed using 
bellows valve. 
ing only 20 gm, was capable of with- 
standing pressures up to 2 atm, 


Applications of F'° 


It is somewhat surprising, consider- 
ing the importance and wide-spread 
ramifications of fluorine chemistry, that 
so few investigators have availed them- 
selves of the existence of this nuclide, 
known for 15 years. In this section, 
studies in which F'* 
ployed will be reviewed, and an at- 
potential 


has been em- 


tempt to indicate other 
applications will be made. 
Exchange studies. Libby and 
Dodgen (35) appear to have been the 
first to used F!* in chemical 
exchange studies. These investigators 


were concerned with the general prob- 


have 


lem of halogen exchange in the gas 
phase between halogen acids and halo- 
gens (HX-X.), and to this end, among 
other exchanges, studied fluorine ex- 
change in the HF*-F, system. These 


results were of a preliminary nature, 
and indicated that the exchange ob- 
served at moderately elevated tem- 
peratures was probably heterogeneous 
in nature, occurring on the walls of 
the brass container used, Their con- 
clusion was fortified by the observation 
that exchange occurred between HF* 
and the fluoride film on the walls of 
the reaction vessel. The possible ex- 
istence of a homogeneous gas-phase 
exchange in addition to the hetero- 
geneous reaction could not be excluded 
on the basis of their results. 

An attempt was made to induce the 
exchange at room temperature’ by 
photochemical generation of F atoms. 
A cell with fluorothene windows was 
filled with approximately equal 
amounts of HF and F». After illumi- 
nation for 30 min with the full radiation 





TABLE 3——Preparation of F'* 


Nuclear 
Reaction Irradiation Target 
KHF.(33) or 
any fluorine 
containing 


Betatron 
18-84 
Mev 
X-rays 

F'(n,2n)F'8 Cyclotron HF, KHFs, ete. 

Fast neu- 

trons from 

Li*(d,n) Be 


F'9(n,y) F's 


substance 


LiNO,, (15) 
reactor LiAIO»,(34) 

2.65-Mev LiF + Al,O .(38) 
Any comb. of Li 


O'*(t.n) F's Nuclear 


tritons 
from and © satis- 


Li*(n,@) H? factory 





(3,650 A) of a mercury are, negligible 
exchange had occurred. It was esti- 
mated that 4 * 10'* F atoms/cm*/see 
The cell contained 


per cm*. Further 


were generated. 
10'" 
work on 
clearly indicated. 

These exchange studies 
cently been extended to fluorine ex- 
changes between hydrogen fluoride and 
the halogen fluorides CIF;, BrF;, BrFs, 
IF;,andIF,. Emeléus and co-workers 
(2) have shown that BrF and IF, un- 
dergo extensive self-ionization. Chlo- 
rine trifluoride and bromine pentafluo- 
ride and bromine pentafluoride show 
little tendency to self-ionization, but 
participate in ionic equilibria 

CIF; + HF @ CIF,* + HF, (1) 

BrF; + HF @ BrF,* + HF: (2) 
49 


Fk, molecules 
this interesting system is 


have re- 

















FIG. 4, Typical decay curve of F'* showing 
contaminating 38-min Ci** activity 


Similar ionic equilibria have been pos- 
tulated for other halogen fluorides 
BrF; + HF & BrF,* + HF (3) 
IF; + HF @ IF, + HE (4) 
If these equilibria do in fact exist in 
mixtures of hydrogen fluoride and the 
halogen fluorides, then exchange of 
with 
great readiness via the common ions. 


radioactive fluorine should occur 


It has actually been observed (33) that 
HI* exchanges fluorine completely in 
10 min or less with BrFy, CIF, BrFs, 
If; or SbF;. All the fluorine atoms in 
the halogen fluoride were exchangeable. 

When similar exchanges were exam- 
ined in the gas phase (33), it was found 
that HF* exchanges fluorine rapidly 
with CIF;, BrF;, BrF;, and IF; at 
room temperature. It is not known 
whether these exchanges are homoge 
neous or heterogeneous reactions. If 
they are homogeneous, then a number 
of interesting problems are posed re- 
garding the nature of the activated 
complexes involved in the exchange. 
Similarly, CIF;* and BF 
to exchange very rapidly in the gas 
With fluorine compounds in 
which the bonds are predominately of 


Sk, o1 


were found 
phase. 
covalent character such as 
CCL Fs, no 
with HF*. 
Bernstein and Katz (34) studied the 


exchange was observed 


gas-phase exchange of I''* between ele- 
mental fluorine and the halogen fluo- 
rides CIF;, Brk’s, and IF 
copper, aluminum and nickel 


in vessels of 


Equilibrium was attained only at 
elevated temperatures (300° C). Un- 
conditions, it was shown 
that al! the 
fluoride are 
fluo- 


measurable ex- 


der these 
quantitatively 
atoms of the 


exchangeable 


fluorine 
halogen 
with elemental 


rine. Conveniently 
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change rates were obtained between 
120—250° C, 

Although the data showed that the 
nature of the surface affected the rate, 
it was considered that the exchanges 
were occurring primarily by a homoge- 
This 
was based on the reversible dissociation 
of CLF; and IF;. 
of BrF, where no measurable dissocia- 
tion occurs up to 400°, this mechanism 


neous mechanism. mechanism 


However, in the case 


is unacceptable. The possibility of an 


associative mechanism for this ex- 
change was suggested. 

A general formula for the exchange 
rate was derived, MecKay’s 


using 


method | 40) 


2nab | 
R | 
F (na + 2b)t . (, _ ;) 


where R is the rate of the exchange 
reaction, f the fraction exchanged in 
time ¢t, a the concentration of the 
halogen fluoride XF,, 6 the concentra- 
tion of fluorine, and n the number of 
ext hangeable atoms of i in the halogen 
fluoride. 

\ quantitative study of the kinetics 
of these exchange reactions was late: 
carried out by Adams, Bernstein and 
Katz (38). It was found that the rate 
was a linear function of the concentra- 
tion of Fs, 
the concentration of the halogen fluo- 
In the case of IF;, the results 
could be interpreted, to a 


and a complex function of 


ride 
first ap- 
proximation, on the basis of a homoge- 
mechanism. For 
this 


neous, dissociative 
the BrF;-F., 


mechanism 


exchange, where 


was excluded, it was 
necessary to postulate a heterogeneous 


with the Nik-.- 


coated surface of the exchange vessel 


mode of exchange, 


acting as the catalyst. If one assumed 
that F 
sri’; was moderately adsorbed on the 


was weakly adsorbed and that 


surface, the observed dependence of 
the rate 
fy and 


mechanism 


the concentrations of 
The 
competition for 
surface sites by Fy. Brk’s, similar 
to that postulated for the NH;-D 
exchange on Pt (41). The kinetics of 
the CIF;-F, reaction was found to be 
intermediate between the cases of IF; 
and BrF;. 
and heterogeneous mechanism was in- 
Unfor- 


upon 
BrF 


implied 


was obtained. 


and 


A combined homogeneous 


voked to explain the data. 
tunately, experiments with added sur- 
face failed to demonstrate the proper 
acceleration of the exchange rate, so 
that the details of the mechanism are 


not yet understood. 

















FIG. 5. Half-life of F'* produced by 
neutron bombardment of LiF and Al.O; 


Further exchange studies would 
Such systems 
F.-IF;, F.-SFs, 


and offer 
Exchange 


appear to be needed. 
as F.-CIF, F-BrFs, 
I.-BF F.- MoF ¢, 


interesting possibilities. 


others 


reactions among the interhalogen com- 
pounds in the gas phase would aid in 
the clarification of the mechanism of 
the HF-XF, and F.-XF, exchanges. 
In addition, the kinetics of the ex- 
HF and F, 
investigated thoroughly 

Other 
studies suggest themselves in the field 


change of remain to be 


interesting fluorine exchange 
of aqueous solutions. The exchange 

and complex ions of fluo- 
as Fel, 


worth investigation 


between F 
rine such would seem to be 

The problem of 
separation would be the major one in 
such studies. Ion exchange tech- 
niques might be useful here. 

The interaction of gaseous and solid 
fluorides has been subjected to cursory 
authors (33, 


examination by several 


34, 35). Table 4 summarizes some of 
the conclusions based on these studies. 
Conditions were not always compara- 
ble, unfortunately, so that the results 
have only qualitative significance. 
Bernstein and Katz (34) reported 
data on the exchange of CIF; vapor 
Cak of 
Approximately two layers of fluoride 


with known surface area. 


ions on the surface of the CaF, crystal 
were found to undergo exchange with 


the CIF,. Further work would be 


required to ascertain whether or not 


it would be possible to measure the 
surface area of solid fluorides by the 
exchange method. 

Biological investigations with F'*. 
The role of fluorine in human dentition 
is at present under very active investi- 


gation by many workers; the first ap- 
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plication of F'* was in connection with 
this problem. In 1940, Volker, Hodge, 
Wilson and Van Voorhis (42) studied 
the adsorption of fluoride ion by 
dentin, bone and hydroxy- 
The F's this work 


was prepared by irradiation of water 


enamel, 
apatite. used in 
using a proton beam from a cyclotron: 
O'(p,n)F's. As might be anticipated: 
relatively few counts of F' 
The adsorption of 


only a 
could be obtained. 
F~ was readily determined by noting 
the amount of activity removed when 
the solution was equilibrated with the 
The adsorption 
the Freundlich 


various solids. was 


found to follow ad- 
sorption isotherm. 

In 1941, Volker, Sognnaes, 
Bibby 13) extended this work to a 
study of the distribution of fluoride in 


the bones and teeth of experimental 


and 


animals. Radioactive fluorine, pre- 


pared as above, was given by inter- 
peritoneal injection to rats and by 
intravenous The 
failure to find significant amounts of 
radioactive fluoride 
well removed from the tooth pulp led 


injection to cats. 


in dental tissues 
these investigators to conclude that it 
was quite improbable that fluorine is 
deposited in dental enamel through 
the blood stream. 

Very recently, Myers, Hamilton, and 
Becks (44) have studied the topical 
application of fluoride to teeth with F'*. 
Tracer was prepared by bombardment 
of triply distilled water with alpha 
particles accelerated in the Berkeley 
the 
O(a np) F's. 
rendered slightly alkaline to prevent 
loss of fluoride, sodium fluoride 
added. This then 
orated to yield a 2% NaF solution. 

After topical application, about 2% 
of the fluoride is the 
tooth; the major portion of this is 


removed on 


evelotron: nuclear reaction is 


The irradiated water is 


and 


solution is evap- 


transferred to 
rinsing. An autoradio- 
graph showed that F~ concentrates in 
surface defects and discolored enamel 
of the These 
concluded that the protective action 
of topical fluoride is related to uptake 


crown. investigators 


by imperfections. 

The possibility of studying the bind- 
ing of F~ by isolated enzyme systems, 
such as in the carbohydrate metabolic 
system that is known to be strongly 
inhibited by fluoride ion, also suggests 
itself, 

Miscellaneous applications. At 
the present time, no entirely satisfac- 


tory inalytical method for the deter- 
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known. F'!8 
use in this connection in 


mination of fluoride is 


may be of 
several ways. 

First, the method of isotope dilution 
could be applied to this determination. 
Second, F'* could be used as a tracer 
to aid in the evaluation of any pro- 
posed new analytical techniques, such 
as precipitation, complex formation, 
and ion exchange. 

To use F"* as a tracer in the develop- 
ment of better analytical methods, one 
needs only to study the relative effici- 
ency of the separation procedure as the 
experimental conditions are changed, 
working from aliquots of a stock solu- 
tion of labelled fluoride This 
technique is ideally suited to studies of 


ion exchange methods of separation, 
using conventional tracer techniques 
for evaluation of the resin capacity, 
the rate of uptake, and the rate of 
of fluoride ion. No experi- 
mental this kind 
reported up to the present time. 

Solubilities of a 
fluorides in anhydrous hydrogen fluo- 
Studies of this 
kind might well be extended to sub- 
stances of considerably lower solubility 


elution 


work of has been 


large number of 
ride are known (44). 
and.to lower temperatures by the use 


of F'*-labelled 
tagged by either of the first two meth- 


compounds, readily 


ods previously described (Table 3). 
Rates of dissolution might be meas- 


urable by taking advantage of the 


convenient gas-phase radioassay of 
H* provided the rate of equilibration 
of F'* between liquid and gaseous HF 
was greater than the rate of dissolution. 

Another application of F'* might be 
in connection with fundamental studies 
involving the chemistry of the Freons, 


La- 


belled Freons may be readily prepared 


used extensively as refrigerants. 





TABLE 4——F'* Exchange between 
Gaseous and Solid Fluorides at 
Room Temperature (33, 34 


NaF LiF Nall Fy CaF: CuF:N 


Ht 

Fs 

CIFs 

BrFs 

IF; 

rapid and complete exchange 
with bulk solid 


slow exchange with buik solid 


Symbols: 


exchange only surface layer 
solid 
negligibly 


slow or no exchange 





by y-ray or fast-neutron bombardment 
of the appropriate compounds. 
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Radiophotoluminescence 
Dosimetry System 


of the U. S. Navy 


This dosimeter, utilizing Ag-activated phosphate glass, has a range of from 


10 r to at least 600 r. 


Response is linear and independent of dose rate up to 


at least 170 r/min. Energy dependence is diminished by lead filters 


By JAMES H. SCHULMAN,* WILLIAM SHURCLIFF,} ROBERT J. GINTHER,* and FRANK H. ATTIXt 


THE ADVENT OF NUCLEAR WEAPONS has 
created a need for small, inexpensive, 
and rugged 
dosimeters for general distribution to 
military and civilian personnel. This 
need is satisfied to a considerable ce- 
gree by the DT-60/PD 
dosimeter developed under the auspices 
of the U. 8S. Navy Bureau of Ships 
utilizing the radiophotoluminescence 
system of dosimetry proposed at NRL 
in 1947 (1, 2, 3). 

The DT-60/PD, about the size of a 
pocket watch and weighing slightly 
detect 


high-range gamma-ray 


personnel 


less than an ounce, can easily 
as little as a 10-r dose, and registers 
doses well beyond the lethal range. It 
survives Navy shock, immersion, and 
temperature tests, and has an in 
definitely long shelf life. Its present 
cost is less than dollar. The 
DT-60/PD is not a self-indicating de- 
vice, but is easily read in a few seconds 
with the aid of a fluorimeter (the CP 
95/PD Radiae Computer Indicator) 


one 


* Metallurgy Division, Naval Research 
Laboratory, Washington 25, D. C, 

t Polaroid Corp., Cambridge, Mass 

¢t National Bureau of Standards, U. 8 
Dept. of Commerce, Washington, D. C 
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Radiophotoluminescence (4, 5) may 
be defined as the creation of new stable 
photoluminescent centers in a material 
by the action of ionizing radiations. 
After exposure to such radiations, a 
radiophotoluminescent material will 


fluoresce under light of a properly 
selected (usually near-ultraviolet) spec- 
tral region, while undosed material will 
not fluoresce under this same light. 
The intensity of the fluorescence, 
under a fixed intensity of excitation, is 
proportional to the dosage (3, 4). 
Che radiation-induced photolumines- 
cence is, ideally, a permanent property 
of the material; the luminescence con- 


tinues undiminished in intensity, with- 
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FIG. 1. Absorption spectra of Ag-acti- 
vated phosphate glass 


out disturbing its dosage indication, as 
long as the material is illuminated by 


the exciting light. In this important 


respect, radiophotoluminescence differs 


most significantly from radiophoto- 


stimulation. and radiothermolumines- 


cence, which can serve as bases for 


other 
These phenomena involve the produc- 


y 


dosimetry systems (5, 6, 7). 


tion of a temporary luminescence 


through optical or thermal release, 


respectively, of the energy stored in 


irradiated phosphors. 


Ag-Activated Phosphate Glass 
From the that 


were found to be radiophotolumines- 


various materials 


cent 3 64. 5, 8), a silver-activated 


phosphate glass * was selected, based on 


cost, ease ol 


considerations of low 


large-scale manufacture, and insolubil- 


ity in water and other solvents. 
The glass is transparent throughout 


developed by W. A. Weyl 
(9 has the following composition by 
weight: 50% Al(POs;)s, 25% Ba(POs)s, and 
25 KPO; Up to 16% by 
AgPO; can be 
glass A silver 
about 8 weight per cent of AgPO; was most 


* This glass, 


weight of 
incorporated in this base 
content corresponding to 


satisfactory from the standpoint of sensi- 


tivity and other properties (/, 6 
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. 2. Spectra of undosed (Ag* centers) and irradiated (Ag’) phosphate glass 


FIG, 3, 


E 


DT-60/PD dosimeter: (a) assembled dosimeter, top side, and (b) underside; 


(c) cover portion, showing lead shield; (d) base portion, showing glass block; (e) wrench 


for assembly and disassembly of dosimeter 


the visible spectrum and in the near 
ultraviolet down to its absorption edge 
at about 3,000 A (Fig. 1). 
ultraviolet 


Under 
excitation by short-wave 


2.537 A), 


broad 


the undosed glass emits a 


fluorescence band peaking in 


the violet and extending over a wide 
portion of the visible spectrum (Fig. 
2). This 
Ag? lon 

ibout 3,500 A, the luminescence of the 


luminescence is due to the 
Under near-ultraviolet light, 


undosed glass is very feeble, although 
This 
likewise be due to Agt 


not zero weak luminescence 


may ion, or it 
may be due to traces of luminescent 
impurities in the glass. 

After dosing with X-rays or y-rays, a 
new, poorly resolved absorption band 
appears on the long-wavelength side 
of the original absorption edge of the 
glass (Fig. 1). The new band peaks 
it 3,200 A, overlaps the original glass 
absorption band and the Ag? ion ex- 
citation band at shorter wavelengths, 
and extends into the visible spectrum 
hx- 
lying in this new 


long-wavelength side.* 
light 


absorption band produces an 


on the 
citation by 
orange 
luminescence (Fig. 2). 

liberated by 


Electrons the X-rays 
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the Ag* ions of the 


glass, reducing them to “atomic” silver 


are trapped by 


centers, Ag®, which are responsible for 
the new absorption band (8). Light 
absorbed by the Ag® centers does not 
destroy them, but merely raises them 
to an excited state, from which they 
return to the ground state with the 
emission of the orange fluorescence. 

If the dosed glass is observed unde 
ultraviolet light common to the ex- 
citation bands of both Ag* and Ag®, 
say 3,000 A, the resulting fluorescence 
composed of two 
To the Ag® 


as much as possible 


will be emission 


bands. isolate fluores- 


cence for it is 
the intensity of this fluorescence that 
longer- 
near 3,600 A, 


is proportional to the dosage 
wavelength ultraviolet, 


* Because of the long-wavelength exten- 
sion of this band, high doses of radiation 
color the glass yellow 

t The fluorescence of an undosed dosim- 
eter (due to Ag* ions and impurities) is 
hereafter called its “ predose’ fluorescence 
The total observed fluorescence of an irradi- 
ated dosimeter (due to Ag* ions, impurities, 
and Ag?® called 
fluorescence 

t Design 
other features of the dosimetry system are 
covered by patents pending 


atoms) is ‘postdose”’ 


features of these devices and 


is used for excitation, and the glass is 
observed through an orange filter. 
This arrangement minimizes the “ pre- 
dose”’¢ signal from the Ag* ions, and 
emphasizes the orange fluorescence of 
the Ag® atoms. 


Dosimeter and Fluorimeter { 

The DT-60/PD dosimeter, shown in 
Fig. 3, consists of a 3q X 34 X 346 In. 
block of 
glass encased in a 
locket 144 in. in diameter and 4g in. 
thick. Ethyl cellulose was found to 
be very satisfactory as the plastic. 

The glass is rough 
painted black on all but one 34 X 44 
in. face (the ‘ultraviolet 
face”) and one 34 X 43{¢ in. face (the 
The simple 


silver-activated phosphate 


circular plastic 


ground, and 


entrance 


‘fluorescence exit face’’). 
shape and rough finish of the glass were 
chosen in the interest of economy. 

The locket is constructed in 
screw-threaded parts, a “base” and a 
To correct for the energy 


two 


“cover.” 
dependence of the glass, a circular 
piece of 0.046-in.-thick lead, containing 
a 0.107-in.-diameter hole, is 
cemented to the inside of the cover. 
A similar 34 X 34 in. square piece of 
lead is cemented to the inside of the 
The glass is, in turn, cemented 


central 


base. 
to this square lead shield, with the 
large painted face of the glass bonded 
tothe lead. A part of the male thread- 
ing”of the locket base is cut out, ex- 
posing the fluorescence exit face of the 
glass. A gasket is provided to make 
the closure between base and cover 
watertight. Two holes, located in the 
back on the base, serve as grips for a 
two-prong wrench used in opening and 
the locket. In reading the 
registered, the un- 


and only the base portion is 


closing 
dosage cover is 
screwed 
inserted into the fluorimeter. 

Fluorimeter. ‘Two of the 
fluorimeter or ‘‘reader”’ have been 
developed, one, the CP-95(X N-3)/PD, 
for precise laboratory and control work 
(Fig. 4), and the other, the CP-95/PD, 
for field use (Fig. 5). 

The operation of both instruments 
is very similar. Near-ultraviolet light, 
in the region of 3,650 A, impinges per- 
the ultraviolet 
trance face of the glass. This light 
is provided by an RP-12 “blacklight”’ 
iamp fitted with a Corning 5860 filter to 
remove the visible light also emitted by 


models 


pendicularly on en- 


the lamp. Fluorescent light emerges 
from the fluorescence exit face of the 


glass block and, after passage through 
53 





FIG.74.— CP-95(XN-3)/PD reader 


FIG. 5. CP-95/PD field reader 


a Corning 3482 (orange) filter, im- 
pinges on the cathode of a 931A photo- 
multiplier. 


a meter calibrated to read directly in 


Indication is provided by 
roentgens. The photomultiplier volt- 
age may be varied to compensate for 
variations in lamp output. 

The means for 
DT-60/PD inside the reader 
with 


the 


consists 


positioning 
of a horizontal sector wells and 
locating pins to accept the dosime- 
ter. By means of an external lever, 
the sector may be swung out of the 
body of the instrument to permit in- 
sertion of a dosimeter, the light-tight 
being auto- 
matically this 
After loading, the sector is swung back 


front door of the reader 


opened — by motion 
inside the instrument for reading, and 
the door automatically closes behind 
it. Accurate positioning of the sector 
the effected by 
means of detents. 

The laboratory measures 
9x 10 & 15 Ib, 
operates on 110 volts, a-c, consuming 
35 watts. The field instrument meas- 
ures 1649 K 85g X 914 in., 
lb, and operates on 110 volts 


inside instrument is 
ren ler 


in., weighs 2S and 


weighs 24 

a-cC Ol 
Both in 
struments have a 0-200 and a 0-600 1 
scale. The circuit diagram of the 
CP-95(XN-3)/PD is given in Fig. 6 
and that of the CP-95/PD in Fig. 7 


using 


d-e, dissipating 36-38 watts 


A battery-operated reader, 
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FIG. 6. Circuit diagram of the CP-95(XN-3) 


light and 
weighing about 7 Ib, is under develop- 


NRDL.* 


pulsed ultraviolet source 


ment at 


Laboratory Operations 

The predose fluorescence of the DT- 
PD's the 

photomultiplier voltage control set at 

value. <A 


representative sample number of do- 


60 is first determined with 


some convenient arbitrary 
simeters are then given a known dose 
of X-rays or y-rays, and their postdose 
fluorescence is then determined at the 
same control setting previously used, 
The the 


scale roentgen) at 


(in 
this 


sensitivity of system 


divisions pel 
setting Is 

postdose reading) —(predose reading) 

(known dose delivered) 

With this calibration, the dosage re- 
ceived by any dosimeter may be deter- 
mined from its postdose and predose 
Doses as little 


detected by this procedure, 


readings. as 2 r can be 


Field Operation 


For field operations, where the ulti- 


mate in sensitivity and accuracy are 
not needed, a system has been set up 
whereby the dosage registered by an 
DT-60/PD 


be determined from a single reading, 


average production may 


* Designed by Mr. George Work of 


NRDL 











PD laboratory reader 


with no calibration or computation by 
the operator of the reader. 

This system takes advantage of the 
close control of predose values achieved 
in mass-production of the DT-60/PD. 
By appropriate methods of glass manu- 
facture and by careful control of trace 
the 


and the sensitivity 


impurities, predose fluorescence 
of the glass can 
In the 


interest of low cost and wide-spread 


be varied within wide limits. 


of the glass-making raw 
the 
relationship chosen for production was 
that a 
doubles the original fluorescence of the 


avallability 
materials predose-vs-sensitivity 


such dose of 37 roentgens 
the predose fluorescence is 
equivalent to a dose of 37 r. A large 
batch of DT-60/PD’s, 
from glass carefully manufactured to 
these 


glass, i.e 


master made 
specifications, has been set aside 


as a primary standard for control of 


predose fluorescence and sensitivity. 
With this the 


variation in fluorescence is 


close control, rms 


predose 


equivalent to 3-5 r, which is acceptable 


for field use. The field reader is ad- 
justed to subtract the average predose 
This is 


complished by displacing the roentgen 


reading automatically. ac- 
scale so that its zero is not coincident 


with the zero of the meter. In laying 
out the 0-200 roentgen seale, for exam- 
ple, the full meter deflection is taken 


as 237 units. The zero of the roentgen 
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scale is marked at a point 37/237 of 
full seale, and full seale is marked 200 r. 
\ single reading thus gives the dosage 
directly in roentgens. 

ach field reader is provided with a 
permanently fluorescent glass standard 
built into the swinging sector of the 
This 


radiation-insensitive 


instrument. standard is made 
or a 


activated glass that fluoresces under 


manganese- 


near-ultraviolet light with an emission 
resembling that of the dosed 
The 


ad- 


closely 
silver-activated phosphate glass. 
the 
to stimulate 
the value being 
stamped on each standard. Adjust- 
ment of the field is effected 
merely by setting the photomultiplier 


intensity of fluorescence is 


justed so as a dose of 


about 180 r, exact 


reader 


voltage so that the reading, with the 
standard in position, is the value speci- 


fied on the standard. 


Performance of the DT-60/PD 


Growth and persistence of fluores- 
cence-ability. Immediately after ir- 
radiation with a dose delivered in a 
short time interval, the measured 
fluorescence of the DT-60/PD dosime- 
ter is 10-20% lower than the value it 
reaches after several hours. 

The <e 
that the reading after 2 hr is usually 
5% of the final value, and in 
24 hr the equilibrium value is 


build-up” is rapid at first, so 


within 
about 
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Circuit diagram of the field reader 


reached. The build-up time is shorter 
for glass of higher silver content and 
longer for glass of lower silver con- 
tent. 
greater than that of the composition 


With silver concentrations much 


selected, the predose fluorescence is 
undesirably high. 

After 24 hr, the fluorescence-ability 
of the glass is constant, and has not 
been observed to change on storage for 
months at room temperature. 

For the purpose of studying the 
other characteristics described here, 
the dosimeters were allowed to reach 
the full equilibrium value, being read 
one day after termination of the 
exposure, 

Linearity of response. The fluores- 
the DT-60/PD 


creases linearly with the applied dose, 


cence-ability of in- 

as indicated in Fig. 8. 
Independence of dose rate. 

fluorescence-ability 


The 
the 


dose of 


produced in 
total 
radiation does not depend upon the 


dosimeter by a given 
rate at which the radiation is delivered 


for dosage rates at least as high as 
170 r/min. 
Additivity. 
of the fluorescence and linearity of the 
response of the DT-60/PD dosimeter, 


this dosimeter integrates a number of 


Because of the stability 


doses administered at intervals over 


a long period of time. 


Energy dependence. Thi effect of 
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the silver- 


glass 


gamma _ radiation 


activated 


upon 
phosphate depends 
greatly on the energy of the photons. 
Figure 9 shows that, for bare glass, 
70-kev radiation is eighteen times 
more effective than Co® 
rays in producing fluorescence-ability. 


gamma 


This energy dependence is diminished 
in the DT-60/PD by sandwiching the 
glass element between two lead filters 
within the plastic case. The resulting 
response of the dosimeter as a function 
of the energy of photons incident per- 
pendicularly to the plane of the case 
The increase 
in response in going from 120 kev 
down to 80 kev is brought about by 


is illustrated in Fig. 10. 


the: presence of the small hole in the 
Without 


the hole, the lead absorption causes 


center of each lead filter.* 


the trend in response from 180 to 120 
key 


making the dosimeter very insensitive 


to continue sharply downward, 


to lower-energy radiations, 
Dependence on direction of incident 
radiation. As might be expected, con- 
sidering the configuration of the lead 
filters in the the 
DT-60/PD is more sensitive to radia- 


dosimeter case, 
tion incident from some directions than 


from others. The magnitude of this 


* This method of retaining response to 
softer radiations is due to Dr. Clifford C. 
Klick of the Naval Research Laboratory, 
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FIG. 8. DT-60/PD dosimeter response 
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FIG.9. Energy dependence of response of 
unshielded Ag-activated phosphate glass 
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FIG. 10. Energy dependence of the 
DT-60/PD to radiation incident perpen- 
dicularly to plane of the case 
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FIG. 12. Effect of temperature 
irradiation on DT-60, PD response 
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during 


directional dependence is greater at 
than at high energies. 
this effect at 
different energies, 1.25 Mev from Co® 


low energies 
Figure 11 shows two 
and 100 kev effective energy from an 
X-ray 250 ky 
constant potential, with 1.7-mm Cu 
idded filtration. 
directional dependence of the dosimeter 


machine operating at 
Improvement of the 


should be possible by providing lead 
filters around the edges of the glass. 
Temperature effects. 
three types ol 
The DT-60/PD 
registers a higher apparent dose if it 
is kept at an 
while being exposed to gamma radia- 


The dosime- 
ters are subject to 
temperature effects. 
elevated temperature 
tion and is cooled to room temperature 
The effect of ir- 


radiation temperature is shown in Fig. 


before being read). 


12. Some variation in the shape of 


this curve has been noted among 


different melts of glass, but the curve 
given is representative. Since the 


DT-60/PD, in its role of 


dosimeter, is worn near the body, its 


a personnel 
temperature during use is not ex- 
pected to vary over the wide range 
shown in Fig, 12, 


effect is 


and the irradiation 
temperature therefore not 
expected to lead to appreciable errors 

The 


effect relates to the temperature at 


second type of temperature 
which the dosimeters are stored during 
the time period between exposure and 
12 ol 
A longer time is required to 
the fluores- 


fluorescence-reading (see Fig. 
ref. 6). 
attain the final value of 
cence reading when the dosimeter is 
stored at low temperatures than is 
required if the dosimeter is stored at 
room temperature, and the final fluo- 
response is also somewhat 


that 
storage. 


rescence 
than 
temperature 


room 
this 
effect, like the preceding one, is not 


lowe! achieved by 


However, 


important when the dosimeter is worn 
near the body as a personnel dosimeter. 

The third type of temperature effect 
concerns the temperature of the DT- 
60/PD at 


In common 


the time it is being read. 
with all 
materials, the efficiency ol 
glass 
with increasing temperature, the tem- 


luminescent 
lumines- 
cence of the dosed decreases 
perature coefficient of the glass being 
-0.7%/°C. By tak- 


ing simple precautions to avoid tem- 


approximately 


perature differences between the stand- 
and the dosimeter 
this effect can be 
avoided entirely, if desired. 


ard during the 


reading, small 


* * 


The development of this dosimeter system 


production form has involved the direct 


participation of five government agencies and 


seven prwate companies. Several other 


organizations have &¢ rved in an adi isor U 
capacuy 
After 


the system at the 


demonstration of the feasibility of 
Naval Research Laboratory 
using both visual and photoelectric fluorim- 
etry, further evaluation lests were conducted 
by Rayme nd Alger of the Naval Radiological 
Defense Glass for these tests 
was prepa ed by the Naval Research Labora- 
tory and by Norbert Kreidl of the Bausch 


and Lomb Optical Company 


Laboratory 


Assuming direction of the development in 
1950, the Bureau of Ships awarded a research 
(N Obsr-49257 to the Polaroid 
Corporation, under which the present forms 
of the DT-60/PD dosimeter and the CP- 
95( XN PD reader were developed. Per- 
sonnel from the Naval Research Laboratory 
Bureau of Ships, and the National Bureau 
of Standards contributed significantly to 
the design of these Research 
(NObsr-57010 and N Ohar-67016 
awarded in 1961 to the Bausch 
Lomb Optical Company for further studies 
of the 
Sluorescent glass used as a 


contract 


unus con- 
tracts 
were and 
glass The 
standard in the 
field reader was developed by this company 
The jirat production contracts Sor the do- 
simeter were awarded in 1951 to the Polaroid 
Works 
included the 
Company as a par 
CP-96 


experimental, 


sensiiwe permanently- 


Corporation and the Corning Glass 
Later procurement 
Penherthy Inatrument 
ticipant in the production The 
(X N-3)/PD readers used for 
standardization, and 
manufactured by the Polaroid Corporation 
Development and production of the CP-95/PD 
field both 
by the Admiral Cor pora- 


contracts 


control work were 


reader were performed, under a 
production contract, 
tion, the development 
laboration with the Naval Research Laboratory 


and the Polaroid Cor poration. 


phase involving col- 


Preproduction evaluations of the DT- 
60/PD models were carried out by the 
Vaterial Laboratory of the N. Y. Naval 
Shipyard, the National Bureau of Stand- 
ards, and the Naval Radiological Defense 
Laborator 7] The of stand- 


ards program are 


preparation 
used in coordinating the 
now being carried out at the last-named 
establishment. 

The Pittsburgh Plate Glass Company and 
the Pilot Chemical 
connected with the 


glass to the Polaroid Corporation, 


Company have been 


program as suppliers of 


In addition to the persons mentioned above 
and in the ial acknowledgment is 


due to the 


text, sper 
follou ing personnel, forme rly of 
the Radiac Section of the Bureau of Ships 
Joseph C. Cryden, the first project engineer 
in charge of the program; Charles R. Horner, 
who later assumed direction of the program; 
idolph Lovoff, Chief of the Radiac 
Section during the early period of this work 
Vay, Samuel ¢ 


been the 


and to 


Since 1952, Rainey has 
charge of do- 


Section of the 


project 
work in the 


engineer tin 
Radia 


simeter 


Bureau of Ships. 
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From 


a Single Dependable Source A Complete Line of 


X-RAY ACCESSORIES and PROTECTION 
RADIOISOTOPE EQUIPMENT TO YOUR REQUIREMENTS! 


PROTECTION against radiation has been our specialized business for 
many years. We have participated in the design, engineering and in- 


stallation of practically every important project from early x-ray days 


through the first atomic bomb explosion at Los Alamos and present day 


installations at Brookhaven National Laboratory. 


The Bar-Ray plant with more than 55,000 
square feet of space containing every modern 
facility, plus a highly skilled design and en- 
gineering staff is at your service. Your in- 
quiries on hoods, sinks, safes, cabinets, 
benches and other specialty items in stainless 
steel, wood, lead or combinations of ‘hee 
materials, will receive prompt and intelligent 
attention. 


Send us your specifications and sketches. We 
shall be pleased to submit estimates without 
obligation. 


This is a ‘California Type’ radioisotope hood, constructed 
of wood with acid-resisting finish. It contains a stainless 
steel vacumn rack, mounted in the center of the head. Slid- 
ing glass doors are provided on both sides and ends can 
be glass panels or solid. A removable stainless steel tray 
is placed in the bottom with cutouts leading into cup sinks. 
Remote control service fixtures are provided on each side 
(with 110V electrical receptacles) for gas, air and cold 
water. A fluorescent lighting fixture is provided on one 
side, and an exhaust duct and collar. 


Send for Our Latest Catalog 


BAR-RAY PRODUCTS, INC. 


209 - 25th ST., BROOKLYN 32, N. Y. « PHONE: SOuth 8-1020 
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g Sy Isotope Fume Hoods and Labs 
bli Lead Lined Chests and Safes 





Affiliates: CAPITAL CUBICLE CO., INC. — Hospital Cubicles 7 
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Want more information? Use post card on last page. 


Here is a radioisotope lab 
bench, typical of the many 
Bar-Ray units, designed, 
manufactured and installed 
by Bar-Ray in research lab- 
oratories from  coast-to- 





coast. 








Sold Through Your Local Dealer 


Film Transfer Cabinets Lightproof Shades 
Lead Protective Screens Lead Insulated Doors 
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CROSS SECTIONS 


FIG. 1. 


on bulb in operator’s hand ejects sample cup. 


cup with Scotch tape cover is shown at left. 
are folded under before rolling (center) 


Press used for forming sample cups (right). 





Pressure FIG. 2. 
Flattened sample 


Scotch tape edges 


while changing samples. 
and drive motor M is engaged. 


Dipping-counter automatic sample changer is shown 


Brake release solenoid RB is energized 
Geiger tube remains lifted 


until switch E stops turntable 


Automatic Sample Changer and 


Recorder for Dipping Counters 


By B. P. McKAY and D. B. ZILVERSMIT 


Division of Physiology, University of Tennessee 


Memphis, Tennessee 


The advantages of automatic count- 
ing have been recognized by all in 
vestigators faced with a heavy counting 
load. Until recently the 
commercial automatic sample changers 


expense oO! 
has prevented many laboratories from 
using them. Even 


only a few automatic sample changers 
all of 


today there are 


commercially available, and 
them employ end-window Ceiger tubes 
as sensing elements. 

In our laboratory we have preferred 
the Victoreen 1B85 Thyrode in con- 
junction with flexible samples wrapped 
around the Geiger tube for automati: 
counting. A this 
method with the end-window 
dure might be helpful in the evaluation 


of the sample changer to be described. 


comparison of 


proce- 


Comparison of Methods 


In end-window counting the sample 
is commonly mounted on a planchet o 
dish. In the latter 
liquid or dry samples can be 


58 


instance either 


used. 


ven though the use of liquid samples 
under an end-window tube is a time 
saving and convenient procedure, there 
are serious objections to this method 
The 
loss of efficiency by the large self- 
the 
perhaps the least shortcoming of this 


when it is used indiscriminately. 


absorption in liquid sample is 
procedure when used with hard beta 


or gamma emitters. Evaporation of 
the solvent before or during the count- 
ing results. 
Evaporation not the 


thickness of the sample, and thus its 


can lead to erroneous 


only decreases 
self-absorption, but it frequently leaves 
a rim of highly radioactive deposit at 
the top of the sample cup. 
of the radioactive solution to the top 


Creeping 


of the sample cup and even to the 
outside surface of this cup has been 
demonstrated in our laboratory when 
P**-labeled phospholipides were counted 
in ether solutions by this method. 

In biological work the liquid phase is 
homogeneous Tissue 


frequently not 


digests, for example, may contain 


radioactive fat droplets that possess 
different 
A nonuniform 


amounts of radioactivity 
from the water phase. 
distribution of these fat droplets and 
a tendency to concentrate at the top 
of the sample during counting will 
certainly lead to erroneous results. 
The opposite condition is met when 
blood is used for counting. 
the blood 


less radioactivity than the 


whole 


Usually red cells contain 
more Or 
serum. Sedimentation of these cells 
during counting will thus affect the 
counting rate. 
Even in purely inorganic solutions 
where particles are not visible to the 
naked eye or the microscope, migration 
of radioactivity is known to occur. 
We that 


active gold foil is dissolved in aqua- 


have observed when radio- 
and subsequently diluted for 
the the 
liquid sample may increase as much as 
This 
the 
addition of nonradioactive gold chlo- 


regia, 


counting, counting rate of 
100% in the space of 1 hour. 


increase could be prevented by 


ride or a surface-active wetting agent 
such as Dreft. Apparently gold chlo- 
very dilute 
tendency to concentrate at the liquid- 


ride in solutions has a 


air interface. There is no reason to 
believe this phenomenon is limited to 
radioactive gold. 

Added to the above shortcomings 
one might reasonably object to the in- 


conveniences of storing liquid samples. 
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When dried samples are used in con- 
tube, 
disappear. 


junction with an end-window 


most of these problems 
Self-absorption is reduced, settling or 
floating is eliminated, and storing of 
the sample can be done conveniently. 
However, to obtain reproducible re- 
sults it is necessary to present the dried 
sample to the Geiger tube under con- 
This 
involves a mechanical device that 
the under the end- 
tube in the same orientation 


ditions of reproducible geometry. 
places sample 
window 
every time. It also requires the sam- 
ple to be dried or precipitated in such 
that the distribution of 


radioactivity is uniform or at least 


& manner 


reproducible. 

These problems are minimized when 
Dis- 
tribution of radioactivity on flexible 


a wrap-around method is used. 


foil does not affect the counting rate 
greatly as long as self-absorption does 
In addition 
it is possible to increase the efficiency 


not present a problem. 
of counting hard beta emitters such 
as P** by the improved geometry of the 
sample with respect to the Geiger tube. 


Wrap-Around Samples 


The authors do not want to imply 
that the use of wrap-around samples is 
original with them or even new. It 
was widely used at the University of 
California in the early cyclotron days 
and probably in many other institu- 
the 


been somewhat modified as follows: 


tions However, procedure has 

Rectangular strips of Reynolds house- 
hold aluminum foil 243 * 134 in. are 
made into cups by folding the edges 
manually or by use of the sample press 
in Fig. 1. This cup is placed on a 
thermostatically controlled hot plate. 
tadioactive samples in aqueous solu- 
tions are added to the aluminum cup 
When the radio- 


activity is present in alcohol or ether, 


in toto or dropwise. 


the sample is always added dropwise. 
the 
aqueous solvents, a piece of filter paper 


To prevent creeping of non- 
is placed in the cup 
the 


radioactivity is 


134 X 1'6o In. 
addition of radioactive 
When the 
present in dilute sodium hydroxide or 


lead 


instead of aluminum foil. 


before 
solvent. 
hydrochloric acid, foil is used 
When the sample is thoroughly dry, 
the edges are unfolded and the sample 
is covered with 3-in.-wide Scotch tape. 
After cutting the corners the tape is 
folded over the edges to prevent escape 


of the radioactive material. 
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The sample is now ready for count- 
ing. When counting is done manually 
it is put around the Victoreen 1BS85 
Geiger tube and held in place with a 
When the auto- 
matic sample changer is the 
sample is flattened and curved in the 
The samples 


wire test-tube clamp. 
used 


roller shown in Fig. 1. 
are then put into the wells of the turn- 
table (Fig. 2) so that the inside bore of 
within 


all samples is reproducible 


164 in. 
Automatic Sample Changer 
There are 41 sample wells around the 
the turntable, as 
These 


beveled openings, are equally spaced, 


outer diameter of 


shown in Fig. 2. wells have 


that no contaminant remained on the 
tube to be carried over from sample to 
sample. 

The automatic sample changer is 
used in conjunction with a Tracerlab 
Autoscaler. The scaler is set on auto- 
matie for counting a preset number of 
counts, and the time for each sample 
is printed on a Simplex printing timer. 
The printing timer was removed from 
its original housing and incorporated 
in the 
cabinet. 


automatic sample changer 
Paper tape of the printing 
timer can be seen on the right of the 
cabinet in Fig. 2. 

At the beginning of each new count- 
ing cycle, relay A, (Fig. 3) of the scaler 


is energized. This closes one set of 
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FIG. 3. Schematic circuit diagram of automatic sample changer 


and are separated by 4/6 in. of steel 
shielding plus the plastic walls of the 
This 


shielding for counting energetic beta 


wells. proves to be adequate 
emitters since normal backgrounds can 
be recorded between highly active beta 
samples. For counting gamma-emit- 
ting samples, one might replace every 
other sample well with a lead shield. 
In this case stopping switch would 
have to be actuated by tabs at every 
other steel separator. 

The Geiger tube lifts from one sam- 
ple and dips into the next. Although 
only dry counting has been done in our 
the 


requirements of a 


apparently 
the 
dipping counter for liquid samples. A 


laboratory, system 


would meet 
dipping Geiger tube used in this man- 


ner would have to be silicone coated so 


contacts to start the timing cycle of the 
printing timer and opens another set of 
contacts to de-energize the mechanical 
changer circuits. 

When the preset count of the scaler 
is reached, relay A, is de-energized. 
This stops the printing timer, energizes 
thermal delay relay Ry, and through 
normally 
energizes relay Re. 
Relay R, closes the circuit for by- 
passing switch A. By the 
parallel to switch A the Geiger-tube 


microswitch B, which = is 


closed, impulse 


circuit 


lifting motor and its brake-release 
solenoid LB are energized. 

During lifting of the Geiger tube out 
of one sample and dipping into another, 
relay R, closes and energizes 
The delay 


time of energizing the print circuit to 
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delay 


relay R,. relay limits the 





& minimum and permits a positive stop 
Thus, a 


printed 


of the printing time wheels 
good clear impression — is 
Energizing relay R, closes circuits that 
cause the printing timer to print and 
reset. 

Microswitches A, B, C D of 
Fig. 3 are all cam-operated from the 
shaft of the back-geared lift 
which makes one revolution during a 
Micro switch EF is 
openec by the sample separators of the 
turntable 
comes into position. 


and 
moto! 
sample change. 


each time a new sample 
During the sam- 
ple change cycle switch B is momen- 
tarily opened by a cam to reset relay 
R, to the circuit of switch A, which is 
normally closed. Switch D is momen- 
tarily closed by its cam to energize the 
rotation motor and rotation brake RB 
even though switch F is held open by 
the preceding stopping action. 

As the cycle is completed, switch A 
is opened to de-energize and brake the 
lifting motor. At the 


switch C discharges a 20-uf capacitor 


same time 
through the coil of a 5,000-ohm plate 
circuit relay R;. Relay R; holds open 
the circuit across resistor Ro. of the 
Autoscaler long enough to reset Auto 
scaler relay K,, and the counting of a 
new sample begins. 

The turntable is powered by a back 
geared motor (M, Fig. 2) mounted to 
provide friction drive at the table rim 
The rotation brake RB consists of a 
solenoid that, when de-energized, posi 
tively locks and positions the sample 
This 
exact alignment of each sample 
Should the 


separator partitions. insures 
well 
under the Geiger tube. 
Geiger tube meet excessive resistance 
due to a wrinkled or improperly pre- 
pared sample, the vertical lift arm 
disengages from the horizontal arm 
and opens the main power line by fall 


») 


ing against jam switch S (Fig. 2 35 


a simple disengagement of the rotation 
and the rotation brake the 


quickly 


motor 

can 
under the 
starting a new counting sequence. 


operator any 


sample 


position 
Geiger tube for 
The automatic sample changer de 
scribed was designed for a particularly 
efficient method of counting dry wrap- 
around samples of P**. Some possible 
uses have been suggested that should 
be of those 
counting techniques. 


interest to using other 


* * * 


The authors wish to acknowledge the assist 
ance of Gardner Ruffin and W. E 
Research Assistants, and F. B. Larson in the 
construction of this equipment. Development 
of the equipment was aided by funds from 
The American Cancer d the Life 
Insurance Medical Research Fund 
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Radioactive Contamination Sampling 
by Smears and Adhesive Disks 


By EUGENE V. BARRY and LEONARD R. SOLON 


Health and Safety Division, New York Operation 


U.S 


Plants processing radioactive mate- 
rials and laboratories utilizing radio- 
isotopes detect and measure removable 
surface contamination by means of 
various smear and adhesive samples 
that 


priate instrument for measuring radio- 


are then counted with an appro- 
activity. Two primary questions arise 
in the use of such techniques: 

What constitutes removable con- 
tamination? The radioactivity hazard 
is dependent upon the ease with which 
contamination can be freed from the 
surface. This varies from surface dust 


to radioactive materials included in 


glazes as coloring. 


{tomic Energy Commission, New York, 


Ofhice 


New York 


How reproducible is a particular 
sampling technique? An exploratory 
investigation of two techniques in cur- 
rent use here for contamination sam- 
pling sheds some light on this question; 


results are reported here. 


Technique 
Both 


hesive samples were tested. 


smears and ad- 


filter-paper 
Uranium 
metal plates with a normal coating of 
removable oxide were chosen “aS a good 
con- 


approximation to a uniformly 


taminated surface. These plates were 


0.025-in. thick and 3!4 to 349 in. in 


width. Consistent results were ob- 














Gum paper 
Adhesive disks F 


Adhesive disksG 
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Per cent 





Deviot rom the Mean 








FREQUENCY DISTRIBUTION of observations from the mean for contamination sampling 


methods 





Results of Contamination Sampling Tests 


Vo lverage 


Sampling samples cpm 


technique Plate N Xx 


Smet 

smear 

smear 

Smear 

smcar 

‘.dhesive tape 
\dhesive tape G 
(Adhesive paper H 


Standard 
deviation 


oO 


2,446 ty) 018 
7,017 S4 O44 
O1S 
2.086 1G O46 
10,697 : 166 027 
14,126 582 
38.928 111 169 
1.975 14 209 090 


8,117 


338 
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SUilacemieisutteslanlecmenre components 
Cai speed your research 


Listed here are some of the many special types of ElectroniK 
instruments and Honeywell components which are helping research 
men to measure, record and control in thousands of research 
projects. For information on how they can be utilized in your own 
work, write to MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4571 Wayne Ave., Philadelphia 44, Pa. 


Special Zlertiuonik recording instruments 


of interest to research men: 


FUNCTION PLOTTER—automatically plots the relationship, y— f(x), 
between any two variables that can be converted to electrical signals. 


TWO-PEN RECORDER: simultaneously records two variables on a single 
chart . . . both pens can traverse full width of 11-inch chart. 


CAPACITANCE LIQUID LEVEL GAUGE: accurately measures volume of 
liquefied gases in pressurized vessels . . . no moving parts or seals. 


ADJUSTABLE SPAN RECORDER: span can be adjusted over a 50/1 range 


... zero can be suppressed as much as 100% of maximum span. 


Ya-SECOND RECORDER: for recording rapidly-changing variables; full 11-inch 
scale pen movement in only !4 second. Chart speeds from 1 inch to 14,400 
inches per hour available. 


NARROW SPAN RECORDER: measures spans as narrow as 100 microvolts 
without external pre-amplifier . . . completely self-contained. 


Electronic components for laboratory use: 


BROWN CONVERTERS: transform low-level d-c signals into 60 or 400- 
cycle alternating voltages . . . Unaffected by atmospheric pressure. 


BROWN SERVO AMPLIFIER SYSTEMS: consist of converter, amplifier and 
servo motor . . . Sensitivities of 2.0, 0.5, and 0.05 microvolts are available, 
with corresponding voltage gains of 10°, 4 x 10° and 40 x 10°. 


BROWN 60-CYCLE 2-PHASE SERVO MOTORS: Provide positive positioning 
... totally enclosed, self lubricated. Maximum torque: 27 RPM 

motor—85 in.-oz., 54 RPM motor—43 in.-oz.; 162 RPM motor—19 in.-oz.; 
333 RPM motor—4 in.-oz. 





‘ Honeywell 
Foust inn Covitiols Hl 
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aM PHENOL 


LAM PHENOL, 


7 


: 
er 


|tained with any one plate, but wide 


4 variations in means between plates 
indicated that the amount of re- 
|movable material is a fairly sensitive 
function of the past history of the 
plates, including manner and place of 
storage. Filter-paper smears were all 
'taken by one person using 1!¢-in. 
‘diameter disks of Whatman 41 paper 
centered at the bottom of a No. 514 
rubber stopper. The disk was rubbed 


THE CHALLENGE OF 


nucleonics 


Nucleonics is America’s newest industry and also, 
in its component requirements, its most 
exacting. In nucleonics, absolute top performance 
is a must and component specifications reflect 
this demand. 

To meet this challenge of exactitude, to work 
with the nucleonics industry in the designing 
and supplying of the quality components needed, 
the engineering versatility of AMPHENOL is 
dedicated. To be assured of top component 
performance, consult with AMPHENOL when any 
problem in A N connectors, R F connectors or 
cables arises. AMPHENOL’S special skill in design 
and manufacture will fully satisfy the most 


stringent requirements. 

AMERICAN PHENOLIC CORPORATION 
= chicago 50, illinois 

AM PHENOP 


back and forth across the width of the 
uranium plate 10 times. 

Two types of adhesive disks 1'¢ in. 
in diameter were used: gummed paper 
(Simon Adhesive Co. No. 2) and 
gummed tape (Minnesota Mining and 
Manufacturing Co. No. 216). Sam- 
ples were taken by putting the ad- 
hesive down on the uranium plate and 
pressing on the back of the disks with 
a rubber stopper. 

Smears and adhesive samples were 

| placed in a plastic holder for counting 

with a scintillation detector using a 
zinc sulfide phosphor.* Count-con- 
trolled operation was used for each 
sample, a total of 640 counts terminat- 
ing the measurement. 


Results 

The table on page 60 gives the 
results of sampling for each uranium 
plate and method of sampling. Sta- 
tistical quantities are also given. 
Apparent differences between the nor- 
malized variances were found to be 
insignificant for the smeared plates. 

The illustration on this page shows 
the frequency distribution of observa- 
tions from the mean for each of the 
sampling procedures. The effect of 
the two uranium plates F and G on 
the normalized variances is possibly 
significant, so results for these sets of 
|samples have been kept separate. 


| Conclusions 
| Smears give remarkably reproducible 
results on surfaces of uniform con- 
tamination when the smear procedure 
is carefully duplicated. All 31 samples 
| fell within 30% of the mean. 

Adhesive sampling methods were not 
|nearly as reproducible. However, two 
reservations should be made. All 
measurements were made on a smooth 
surface; on rougher surfaces the ad- 
hesive might yield the more repro- 
ducible results. Also, the adhesives 
were adaptations of commercial prod- 
| ucts and were not designed for radio- 
active contamination sampling. 


*R. T. Graveson, H. D. LeVine, H. J. 
DiGiovanni, NYO-1523 (1950). 





Extreme Temperature and Altitude Problems 
>» Solved by New Modifiable 
Titeflex Connector 


(; 7; j 
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We have the experience to solye most complex connector 


problems involving extreme altitudes, temperatures and 


pressures with space and weight limitations. And within standard 


design requirements, we can develop special-duty connectors 


ail 


INSTRUMENTATION Connector —07. For moisture 
and corrosion resistance, temperature ranges of 
—65°F. to +400°F. Made of Tefion, plug and 
receptacle mated weigh only % oz. Length 2". 
insulation properties will permit 3500 volts at sea 
level, 1200 volts at 50,000 feet altitude. Can be 
made with 2 or 3 pins, current 7 amperes. 


‘ eRe 


CUSTOM WIRING SYSTEMS—For accessory, in- 
strumentation and radio shielded applications. Can 
be furnished with Titeflex or Standard AN Con- 
nectors. Can be sheathed with one or more layers 
of various metal braids, fiber glass or nylon, and 
jacketed with silicone or various other compounds. 
Titefiex will be glad to design, develop and pro- 
duce complete wiring systems to your specifications. 


as a part of complete wiring systems. 


MOISTURE-PROOF and resistant to synthetic lubri- 
cants. For extreme temperature changes in ranges 
of —65°F. to +400°F., high altitudes up to 65,000 
feet. Resists salt spray, corrosion, vibration. This 
Titeflex Connector is radio shielded, has positive 
retention of pins and sockets. 5" in length. Mates 
with connectors that conform to MiL-C-5015. 
, EE « 


SPECIAL —O7 CONNECTOR. Designed to solve 
your connector problems in instrumentation with a 
real saving in space and weight since this connector 
has no protuberance beyond the flange. Can be 
designed as an integral part of your wiring or 
instrument comp ts. Available in 1, 2 or 3 pin 
arrangements—current 7 amperes, size |" in length. 
Receptacle and plug weigh only 11 grams. 





All TITEFLEX Connectors can be furnished with thermocouple pins and sockets. 


WRITE TODAY for specific information—or send 

us your specifications. Whatever your requirements, 

we can usually provide the right answer. Our Engi 
neering Staff will be glad to 
discuss your problem without 
obligation 
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TITEFLEX, INC. 
576 Frelinghuysen Avenue, Newark 5, N, J. 


Please send me your catalog on the Titeflex Connector. 


Have your representative call (). 
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LET OUR rms 


COMPANY_______ 


ADDRESS. 


HELP YOURS 


Oe ee ame oe a om a a eae 


a 


Vol. 11, No. 10 - October, 1953 


Want more information? Use post card on last page. 











64 








Send for your 


CATALOG TODAY! 
‘Over 1200 tube fittings 


. 4 
in Stainless or Monel 


You'll want to complete your data file 
with this handy, dual purpose catalog. 
Covers both parts specifications and 
technical information on Koncentrik 
flared-tube fittings... the only line that 
gives you DOUBLE protection against 
dangerous leaks with 
Teflon-reinforced seat. Over 1200 
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FIG. 1. Shielded counter for thyroid up- 
take studies is supported by over-bed 
hospital table that makes positioning easy 
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FIG. 2. Construction of shielded housing 
for counter 


Thyroid 


Uptake Apparatus 


By EDWARD SIEGEL 
Montefiore Hospital 
New } ork, New } ork 


An easily constructed, inexpensive 


unit for thyroid uptake studies utilizes 


| an overbed hospital table to support a 


shielded bismuth-wall gamma counter. 
The unit is used in establishing the 
functional level of the thyroid gland. 
Since only tracer doses of I'*' are 
administered for this procedure, and 
the fraction concentrated in the thy- 
accurate 


counted 24 hr later, 


requires high sensitivity. 


Shielding must be adequate to exclude 
counts emanating from extrathyroidal 
sources such as the bladder, but the 
contributions 


must receive 


the entire, extended and in- 


homogeneous 


from 
thyroid region. It is 
desirable to make the set-up insensi- 
tive to small changes in positioning. 
Finally, the position of the counter 
housing should be readily adjustable 
to permit assay of the body “back- 
ground,” or circulating radioiodine 
level. 

Designed for use with ambulatory 
patients, the unit shown in Figs. 1 and 
these The 
Marinelli’s basic lead- 


2 meets requirements. 


shield follows 


shielded housing in design. It en- 


Use post card on last page. 


Radiation Counter Labora- 
tories Mark 1 Model 12 bismuth-wall 
Satisfactory support 


closes a 


gamma counter. 
for the shield is provided by the over- 
bed hospital table that also makes 
positioning very simple. 

The shielded tube in its counting 
position is about 7 in. above the skin and 
has a sensitivity of about 100 epm/yue 
of J! 
of I'*! provides an adequate counting 


Administration of 15-20 ye 
rate to yield a statistically significant 
determination in only a few minutes of 
When reduced sensitivity 
the lead 
interposed between the counter and 
Pa- 


after 


counting. 


is desired, bo-In, filter is 


ort, giving a 4, attenuation. 
20 


tients can thus be assayed 
receiving a therapeutic dose. 
The total cost of the unit was $275, 
of which $150 was for construction of 
the shield housing, $50 for the over-bed 


table, and $75 for the G-M tube. 
. * * 


This apparatus was designed for Dr. S. M. 
Seidlin, New York, N. Y., 
his office The baffle 
1) is adapted from the basic design of 
Yalow, Veterans Administration Hos- 


Kingsbridge, N. Y. 
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and is tn use in 
on the original unit 
(Fig 
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EFFECT of increasing magnetic field upon 
the counting rate of various samples 


Counting rate 


(cpm); magnet 


10.6 
977 
968 

974 
5 1,575 ,A79 


709 59 


0 650 

975 
1,641 
1,276 


I 
l 
I 
l 


0.05 


* Based on 6,400 counts collected. 


is given by R’/R for the first sample (Fe only) 
that yield 650 cpm and 975 cpm respectively. 


t “Units” are amounts of Fe’ and Fe 


Samples were run in 


Effect of Magnetic Field on Counting Rate of Samples of Fe®’ and Fe®*** 


Computed rate Error in 


due to: 


+ 


(cpm determination (%)q 


Fes Fess 


683 948 
307 974 
100 476 
660 19 { 


duplicate and averaged. a 


(10.6/650 0.016). 


t In addition to counting errors, this includes variation in sample preparation (pipetting, 


plating, etc.). 


» This large error is primarily due to counting statistics 
must be collected to assess small relative amounts of F« 


\ very large number of counts 


’ accurately since a small differ- 


ence in counting rates determines the computed value 





Separate Assay of Fe” and Fe” in Mixed Preparations 


By W. B. STEWART and H. H. ROSSI 


Departments of Pathology and Radiology, College of Physicians and Surgeons 


Columbia University, New York, 


Two radioisotopes of iron, Fe®® and 
Fe’, are of practical use in biological 
research. While the recent 
work on iron metabolism has been done 
with the aid of Fe®, 
experiments in which simultaneous use 
of both value. For 
example, populations of erythrocytes 
of two different ages can be studied 
simultaneously (17, 2), and corrections 


most of 


there are many 


isotopes is of 


for diversion of iron from hemoglobin 
synthesis can be made in studying iron 
absorption (3). 

Fe®® has a half-life of 47.5 days and 
emits beta spectra of 0.46 Mev and 
0.26 Mev maximum energy as well as 
gamma quanta of 1.1 Mev and 1.3 
Mev. Fe** has a half-life of 2.9 years 
and decays by A-capture, 
results in X-radiation with a maximum 


which 


energy of 5.6 kev. 

Peacock et al. (4) have devised a 
method of discriminating against either 
isotope by employing G-M tubes of 
different characteristics. 
preferentially detected by means of a 
helium-filled tube with a thin 
window. An argon-filled tube 
a beryllium window serves as a detector 
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Fe can be 


mica 


with 


New York 


that is mainly sensitive to Fe. As 
far as we are aware, this is the only 
selective method reported in the 
literature. 

The approach in the method re- 
ported here has been to suppress the 
beta radiation from Fe®* by means of a 
magnetic field. When such 
applied at right-angles to the trajectory 


a field is 


between the sample and the counter, 
the electrons may be deflected through 
180 degrees and prevented from reach- 
Thus Fe®® can affect 


the counter only by 


ing the counter. 
means of its 
which is detected 
with low efficiency. Onthe other hand 
the X-radiation from Fe is unaffected 
by the magnetic field and is detected 


gamma radiation, 


equally well with or without the field. 

A soft iron yoke was constructed for 
that The 
pole pieces are truncated cones with 
The 


mum field between them is about 1,850 


two coils were available. 


1.5-in. minor diameters. maxi- 


gauss. Complete suppression of all 
beta radiation requires a separation of 
twice the radius of curvature of the 
particles of maximum For 
these electrons (0.46 Mev), Hp is about 


energy. 


3,000, and a sample-to-counter distance 
This 


figure is a lower limit since air scatter- 


of about 3.3 cm was indicated. 


ing tends to increase the penetration of 
the radiation. In practice, a separa- 
tion of about 4 em is adequate for total 
suppression of the beta radiation from 
Fe, 

The figure on this page shows the 
effect of increasing magnetic field on 
the counting rate obtained with pure 
Fe? and three 


samples of Fe and 


mixed preparations. The radioactive 
material was electroplated onto copper 
disks by the Hahn (4). 
The counter thin- 
window type (Nuclear D 34) that has 


method of 
employed is a 


an iron ring the sensitive end. 
A different type of without 
such shielding (Tracerlab TGC-3) ex- 
hibited a drop in sensitivity to Fe®® by 
10% at maximum strength of 
the magnetic field. It is believed that 
the magnetic field interfered with the 


near 


counte! 


about 


operation of this tube. 

Under the conditions of the experi- 
ment the the 
Fe®®> sample was unaffected by the 


counting rate ol pure 


magnetic field, while the sensitivity 
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Fe was reduced to about 3%. 
This residual response was due to the 
gamma radiation. While such a high 
degree of differentiation is not neces- 
sary in many experiments, it has the 

intage that errors in greatly un- 

mixtures are minimized. Fur- 

re, if the intensity of the mag- 

field exceeds a critical value, 
counting rate becomes independent 
ld strength. 

he counting efficiency in this ar- 

gement is somewhat low (about 

> for Fe®* and 0.05% for Fe**) but is 
ite for the experiments in prog- 

could obviously be improved 

illy by the employment of a 
magnetic field, which would 


1 shorter sample-to-tube 


rrection can be made for the 
residual sensitivity to Fe at 
maximum magnetic field strength. 
If F is the counting rate due to Fe 
F’ the counting rate due to Fe**, R the 
counting rate with no magnetic field 
present, R’ the counting rate with the 
magnetic field present, and a the factor 
which the magnetic field reduces 

the counting rate of Fe, then 


F+F’=R 
aF + F’ = R’ 


R — R’ 
l-—a 
R’ —aR 


l—a 


These corrections have been applied 
to the figures given in the table on this 
that shows data obtained with 

us mixtures of the two isotopes. 

The advantage of this method is that 
results may be obtained with a single 
Geiger counter by determining count- 

es with and without a magnetic 

These measurements can be 

vith a single assembly under 
| geometrical conditions. 

The method could be employed to 
lifferentiate between any other beta- 
emitting isotopes and X-ray emitters. 
It might be of some help in distinguish- 
ng between beta emitters of greatly 


different disintegration energies. 
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Scintillation Spectrometer 


By GERALD J. HINE 
Radioisotope Unit 

Veterans Administration Hospital 
Boston, Massachusetts 


This method for 
pulse energy distribution produced by 
y-rays incident on a Nal (TI) crystal 
offers several advantages: 

1. A y-ray spectrometer that is 
rapid, simple, accurate and versatile. 

2. When compared with other sys- 
the multi- 
channel electronic analyzers, there is no 


determining the 


tems, such as elaborate 
sacrifice in either resolution or speed. 

3. Although no increased amount of 
activity is required, the time necessary 
to obtain a complete pulse energy 
spectrum is short compared with that 
needed by other simple (single channel) 
scintillation spectrometers. 

Problems in medical physics demand 
The 
amount of absorption and scattering 


a fast y-ray spectrometer. 


occurring in sources of finite size within 
a body can be determined only from an 
analysis of the emitted y-ray spectrum. 
If such sources contain mixtures of 
two radioisotopes emitting y-rays of 
different energies, the ratio of thei 
activity can be determined with the 
spectrometer. Localization of sources 
within a scattering medium can be 
improved by discriminating between 
primary and scattered radiation. 

A schematic diagram of the spec- 
trometer system is shown in Fig. 1. 
The triggered pulses are displayed on 
the screen of a Tektronix 513D oscillo- 
time of 0.1 
employing a 


using a 
Instead = of 


scope, sweep 
psec/em. 
photographic method* for pulse-height 
analysis, the light intensity distribution 
on the screen is measured directly by a 
photoelectric cell. For this purpose, a 
densitometer built by the W. M. Welch 
This 


instrument 


Scientific Company is employed. 
stable 
that has a sensitivity adjustable over a 
wide range. Its 
recorded by a Weston recording poten- 
tiometer. 
final result is immediately available. 


densitometer is a 
output current is 


An advantage is that the 


*W Bernstein, R. L. Chase, A. W 
Schardt, Rev. Sci. Instr. 24, 437 (1953) 
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FIG. 1. 


The pulse spectrum is displayed on 
the oscilloscope screen so that all 
pulses have a horizontal section of at 
least 1 cm in width at the vertical 
center axis of the screen. The light 
produced by those pulses present at 
the center of the screen is channeled 
into the photoelectric cell through a 
Lucite rod. The light can enter the 
latter only through a 0.3 X 1.0 em slit 
that is in contact with the oscilloscope 
screen, 

For recording the spectral pulse dis- 
the 
slowly and at a uniform rate across the 


tribution, spectrum is moved 


oscilloscope screen. The potentiom- 
eter controlling the vertical position of 
the Tektronix oscilloscope has been 
replaced by a 10-turn Helipot driven 
The 


gain of the amplifier is adjusted so that 


by a l-rpm synchronous motor. 


the pulse spectrum is spread out beyond 
the sensitive part of the oscilloscope 
screen. Therefore, only a fraction of 
the complete pulse spectrum is visible 
time. If the 


vertical positioning control is activated, 


at one motor-driven 
the complete spectrum moves slowly 
across the screen. Since the amount 


of light produced by only those pulses 














100 
Energy (kev) 











FIG. 2. Hg? pulse energy spectrum. 
Solid curve taken from a recording ob- 
tained in ten minutes. Points determined 
with single-channel pulse-height analyzer 


Block diagram of ‘y-ray scintillation spectrometer 


through the center of the 


passing 
screen is measured, variations in 
screen sensitivity do not show up. 
Figure 2 shows the pulse spectrum 
of a Hg? Both the 279-kev 
and the thallium-K X-rays 
produce high-intensity photoelectric 
peaks. The plotted 
froma recording using the spectrometer 


source, 
y-rays 
solid curve is 
system shown in Fig. 1; the points are 
taken 
channel pulse-height analyzer 


single- 
(2-volt 


There is 


measurements with a 


window) and scaler. good 


agreement between the two methods. 
However, not all the low-energy pulses 
show up on the screen, since the proba- 
bility of triggering is due mainly to 
The 


recorded spectrum is not affected by an 


those pulses of higher energy. 


increase in source strength or & change 
of the light intensity of the oscilloscope, 
if the densitometer sensitivity is ad- 
justed accordingly. 

Figure 3 is an actual recording of two 
I's! energy spectra. The source was 
10 we of I'*! in aqueous solution at 10 
em distance from the large Nal (TI) 
crystal (134 in. diameter, 2 in. height). 
The total counting rate was approxi- 
250,000 Besides the 


mately cpm. 





‘ewh ots eevws- 


> 


FIG. 3. Double recording of |'*! pulse 
energy spectra. Low-intensity spectrum 
obtained with a 2.5-mm Pb filter between 


source and Nal(TI) crystal 
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well-known y-ray lines resulting from | 
the decay of I'"', X-rays of about 30] 
kev are also apparent. 

The second spectrum with reduced | 
intensity was obtained with a 2.5-mm | 
lead 
and crystal but 
The fluorescent radiation 


absorber placed between source 
otherwise identical 
conditions 
emitted from the lead absorber was fil- 
tered by a tin-aluminum combination 
added to the lead absorber. Two re- 
cordings of each spectrum have been 
superimposed. They agree with each 
other within the expected statistical 
variations. 
The y-ray spectrometer described 
has been assembled from commercially 
available equipment. It has proved 
to be a very reliable, stable instrument 
The 


recorded pulse distribution is obtained 


that can easily be maintained. 


with good accuracy in a short time. 


* * + 


The technic 
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is grates This investiga- 
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tratio ind is published with the approval of 
the Chief Medical Director. 
and conclusions published by the author are a 


tton was 
The statements 
f his own 
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330 West 42nd Street 
New York 36, N. Y. 


Thimble ionization chambers provide 
the roentgenologist and radiologist 
with an accurate, trustworthy means for 
measurement of the x-ray beam. A 
thimble chamber is dependable. Newer 
types, enclosed in a probe with a pre- 
amplifier, can be used at distances of 
150 feet or more from the Roentgen 
Rate meter—the control unit. Features 
long esteemed by the roentgenologist are 
now winning acceptance to uses in other 
spheres of radiation research and control. 

Ranges and applications: Standard 
thimbles . . . for the ranges of 3-10-30- 
100 and 30-100-300-1000 roentgens 
per minute... for the commoner ranges. 
High intensity, thick-wall thimbles.. . 
for ranges of 1000-3000-10000-30000 
r/m...used in or near telecurie sources 
of Cobalt 60, Caesium 137 and Tanta- 
lum. Low intensity thimbles . . . for 
ranges of 3-10-30-100 roentgens per 
hour... used for monitoring near x-ray 
machines and radioactive sources. High 
energy probes for use with Cobalt 60, 
Radium and 1 Mev or 2 Mev x-ray ma- 
chines...as wellas skin equivalent probes 
are available. Probes are interchange- 
able. Response is independent of x-ray 
energy (within + 5%) over the 
range from 30 Kev to 1 Mev. 

A thimble chamber in a 
probe may be the solution 
to your measurement prob- 
lem. Long experience in 
design and construction 
of thimbles and associated 
apparatus assure competent 
counselling in discussing 
your problem. 
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Refractory Hard Metals 


By PAUL SCHWARZKOPF and RICHARD 
KIEFFER (Macmillan Co., New York, 1953, xi + 
447 pages, 91 illustrations, $10.00). Reviewed 
by Henry H. Havsner, Atomic Energy 
Div., Sylvania Electric Products, Inc., Bay- 
side, New York. 

The term “‘refractory hard metals” 
as used in this book refers to high- 
temperature-withstanding materials, 
such as the borides, carbides, nitrides, 
and silicides of the transition metals. 
These substances are mostly used in 
cemented state, i.e., in combination 
with binder metals such as cobalt. In 
this book, the term “hard 
refers to the binder-free substances as 
well as to the 
Another reader may have some doubt 


metals ”’ 


cemented materials. 
as to a tungsten boride or a uranium 
being 
The authors, however, believe that the 


carbide considered a metal. 
physical properties of these materials, 
especially their electric conductivity, 
indicate clearly a metallic bonding of 
the binder-free and the 
term ‘‘metal” is therefore justified. 
The book deals with the structure, 
preparation, and properties of these 
hard metals and with their application 
as constituents of the so-called “super- 
alloys” for high-temperature applica- 
tion. The materials described in this 
book are of utmost importance for the 


substances, 


development of gas turbines, jet 
engines, rockets, 
nuclear 
applications. 
think frequently in terms of tempera- 
tures of 1,000° C, or even higher, 
alloys longer be 
considered for 


and and ‘also for 


reactors and other nuclear 


The engineers of today 


and 
iron-base can no 


many of these new 
applications. 

Both 
known pioneers in the field of powder 
metallurgy, especially in the develop- 
ment of hard metals, and there are 
hardly any other investigators so well 
suited to write a book on this subject. 
Its content is mainly based on the 
experience gained in Dr. 
kopf's 
plants in the United States, Austria, 
The only other existing 


authors are internationally 


Schwarz- 
laboratories and _ production 
and England. 
book concerned exclusively with hard 
metals is Karl Becker’s ‘“ Hochsehmel- 
zends Hartstoffe,”’ 
Berlin, which was published twenty 
years ago which has not been 
translated The book 
under discussion is, therefore, the first 


Verlag Chemie, 


and 


into English. 


book in the English language on this 
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important branch of powder metallurgy 
and provides an up-to-date presenta- 
tion of the history and current trends 
of hard 
on a critical evaluation of the 


metal development. It is 
based 
literature, 


supplemented extensively 


by previously unpublished material 


originating from the experience of 
the authors and their collaborators in 
two continents. 

The forty-four chapters of the book 
The first 


two chapters deal with the crystal and 


are divided into six groups. 


electronic structure of refractory hard 
metals. The excellent presentation of 
this material is based mainly on the 
work by Hagg, Koster, 
Pauling, and Ubbelohde. 


Kiessling, 


The largest group of chapters is de- 
voted to the carbides, their preparation 
and purification, especially the carbon- 
ization of metal and oxide powders with 
carbon or with 

For the readers of NUCLEONICS, 
it will be of special interest that one 


solid carbonaceous 


fuses. 


chapter in this group is devoted ex- 
clusively to the carbides of the metals 
of the actinide series, such as thorium, 
uranium, and plutonium carbides, al- 
though these metals cannot be classi- 
fied as transition metals. Similar 
chapters within three other groups in 
the book deal with the 


nitrides, and silicides of thorium, ura- 


borides, 


nium, plutonium, and other metals of 
The 


behavior of these materials at elevated 


interest for nuclear application. 


temperatures is described. 
A special chapter is devoted to the 
solid 


multicarbide and the 


solubility between carbides. 


systems 
The im- 
portant nitride-carbide systems, as well 
as the boride-carbide and the boride- 
nitride systems, are extensively de- 
scribed and discussed. The reviewer 
was especially attracted to a chapter on 
molybdenum-silicide, a material which 
may play an important role as a heat- 
ing element for high temperature 
furnaces; its preparation and physical 
properties are described in detail and 
many references are given. 

believe that an 


The authors engi- 


neering evaluation of the carbide, 
boride, and silicide materials proposed 
for high-temperature application must 
with the 


performance not only of super-alloys, 


be based on a comparison 
but also of some ceramic materials and 
sulfides developed for high-temperature 


service. The last two chapters of the 


include a discussion of 


book 


alloy 5, 


super- 
special ceramics and sulfides. 
endeavored to 


Since the authors 


present an objective picture of the 


present status of high-temperature 


materials, these chapters appear to 
represent the most up-to-date discus- 
sion dealing with their availability and 
the problems involved in their pro- 
duction and their use in applica- 
tions requiring mechanical, as well as 
chemical stability at extremely high 
temperatures. 

The final chapters of the book deal 
with the oxides of beryllium, zirconium, 
and thorium, their creep up to 1,000 
C and their other physical properties 
up to 1,500° C. 

A carefully 


subject index facilitates the study of 


prepared author and 
the book, which is of greatest value for 
every scientist, metallurgist, and me- 
chanical and other engineer working in 
the field of hard metals and high-tem- 
perature-resisting materials. It is the 
first complete reference book in the 
field. 

In the 
state that they are preparing a second 


introduction, the authors 
volume which will deal especially with 
the production and application of the 
hard 
and chiefly with cemented carbides. 
Readers of the first volume described 
here will look forward with interest to 


cemented metals in general, 


the second volume. 
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Scintillation Counters, by 


J. B. Birks, 
McGraw-Hill Book Co., New 
York (or Pergamon Press Ltd., Lon- 
1953, vil + 148 pages, $4.50. 


(To be reviewed.) 


don), 


Mathematical Aspects of the Quan- 
tum Theory of Fields, by K. O. Fried- 
richs, Interscience Publishers, Inc., 
New York (or Interscience Publishers 
Ltd., London), 1953, viii + 272 pages, 
$5.00. This book with 
problems in the quantum theory of 
fields. 


deals linear 


Atomic Medicine, 2nd edit., edited by 
Charles F. Behrens, Williams & Wil- 
kens Co., Baltimore, 1953, xiv + 632 


pages, $11.00. (To be reviewed.) 


Relativity and Reality, by E. G. Bar- 
ter, The Philosophical Library, Inc., 
New York, 1953, xi + 131 pages, $4.75. 
The subtitle is ‘A Re-interpretation of 
Anomalies Appearing in the Theories 
of Relativity.” “This is an attempt 
to bring the theory ol relativity into 


complete accordance with our common- 
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sense ideas of space and time, and thus, 


ak, straighten out the world 
[It’s about time.] 


so to spe 


igain 


Fatigue of Metals, by R. Cazaud 
translated by A. J. Fenner), Philo- 
sophical Library, Inc., New York, 1953, 

34, $12.50. 


of the 


Kssentially a 
1948 edition, this 


» discusses research done since 


ne The subjects covered in- 
of metal fatigue, fatigue 
limits 


theory 


testing machines, fatigue of 
metals and alloys (with tables), and 
design of structural joints and machine 


components 


Advances in Biological and Medical 
edited by John H. 
rence and C. A. Tobias, Academic 
Inc., New York, 1953, x + 368 
$8.00. Of special interest in the 
| are the chapters, The Do- 
simetry of Artificial Radioactive Isotopes, 
by W. V. Mayneord and W. K. Sinclair, 
The Kinetics of Biological Processes 

Special Problems Connected with the Use 
Tracers, by A. K. Solomon, and Pri- 
lonization as a Test of Molecular 
Ernest Pollard. The 


chapter concerns the practical ap- 


Physics, vol. 3, 
Law 
Press 
pages 


nuciear hel 


oOo} 
mary 


by 


Orga ization 
hirst 
plication of dosimetry to the patient. 


The 


ing 


second chapter treats the follow- 
isotope dilution, up- 


special cases 


take from a constant source, closed 
two-compartment system, closed two- 
compartment system with leakage from 
the inner compartment, open two-com- 


partment system—the question of pre- 

s, open two-compartment system 
with transport coefficients dependent 
upon the age of the molecule, and dif- 
fusion or flow out of a compartment. 
The last chapter discusses the measure- 
ment of sensitive volumes, e.g., molecu- 
il olumes ofr by 


weights, using 


methods together with the 


DIOASSAa\ 


ction of ionizing radiation. 


ALSO OF NOTE 


Review of Current Research and 
Directory of Member Institutions (In- 
gineering College Research Council, 
American Society for Engineering Edu- 
1953, 330, $2.50. The 
institutions covered all 
the 


ap- 


cation xii + 


103 include 
in 

lists 
project 


Ol engineering schools 
The 
5,000 


ted States index 


roximately research 


jects For each project adminis- 


officers, policies that govern 


ets, personnel, annual expendi- 
sources of income, and special 
short ol 


nterest to research workers are given. 
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ferences and courses 


EQUIPMENT FOR 


EKCO SCALER, 
TYPE N526 


This is a new general-purpose scaling 


comprising two high-speed electronic decades 
followed by a resettable electro-mechanical 


register and incorporating pulse height 


discrimination and paralysis facilities. 


overall counting speed of the scaler is limited 


by the mechanical register to about 1000 per 


second but can be improved by the use « 


external high-speed register. Alternatively, 


scalers can be connected in series when evenly 


NUCLEAR PHYSICS 


5 HHH] 
oe 


as ie 


SPECIFICATION 


Sensitivity. The minimum pulse amp- 
litude is 5 volts positive, The minimum 
Operating pulse width is 0.25 micro- 
seconds with a minimum interval of 
1.5 microseconds between pulses 


Discrimination. The discriminator 
permits only chose pulses whose amp- 
litude exceeds the pre-set level to be 
counted. The level can be set at any 
voltage from 5 to 50 


Paralysis. The Scaler can be rendered 
inoperative for pre-determined 
periods between 5 microseconds 
and 10 milliseconds after receipt of 
an operating pulse 
Stability. Mains variations up to 
10°,, have no effect on the working 
of the equipment 


unit, 


Built-in Test Facilities. internal 
signals are provided at both the mains 
frequency and at approximately 3 
cycles per second. These can be used 
for visually checking the timing 
sequence and also for providing a 
rough check on the functioning of the 
discriminator circuit 


The 


External Power Supplies. Provision 
is made to supply power for operating 
an external quench unit or scintil- 
lation counter amplifier 


Mains Input. 100-120 voles and 200- 
250 volts, 40-100 c/s 


of an 


spaced pulses are counted up 


to 600,000 per second. 


SUIUIIIILIIULINLIUNLIIULLUULUIU 


TULLE LLL 


The new Ekco Scaler Type N526 is developed from 


the 1009 unit which it replaces. 


C0 


ELECTRONICS 


SCALING UNITS - SCINTILLATION COUNTERS 


VIBRATING REEO ELECTROMETERS - G.M. TUBES 


COMPLETE COUNTING INSTALLATIONS 


EKCO ELECTRONICS LTD., 


* COUNTING RATEMETERS 


SOUTHEND-ON-SEA, 


RADIATION MONITORS 
LEAD SHIELDING CASTLES - LINEAR AMPLIFIERS 


ACCESSORIES 
ESSEX, ENGLAND 


U.S. Sales & Service 


AMERICAN TRADAIR CORP., CHRYSLER BUILDING, 405 LEXINGTON AVE., NEW YORK 


17, N.Y. 


Canadian Sales & Service 
CANADIAN AVIATION ELECTRONICS LTD., 8230 ST. LAWRENCE BLVD., MONTREAL 14, QUEBEC 
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NEWS 


Power Study Groups Regroup to Form Team Aiming at 
Power-Only Reactor; Sixth Group Seeks AEC Approval 


Three of the five industrial teams studying the feasibility of atomic 


power have completed a major realignment of their study groups. In 
addition, a sixth group new to the field has applied for government 


permission to initiate atomic power studies. 


Atomic 


seems 


to approval of the 
Energy Commission. There 
little doubt, however, of AEC’s okay. 

Prospective new entrants in the field 
are Duquesne Light Co., Pittsburgh 
Utility Firm, and Walter Kidde Nu- 
clear Laboratories, Inc. 

Reshuffle of the veteran teams will 
bring together Union Electrie Co. of 


subject 


Missouri, Commonwealth Edison Co., 
Pacific Gas & Electric Co., Bechtel 
Corp., and American Gas & Electri: 
Co. Chairman of the 
J. W. McAfee, Union 
Electric, who told Nucieonics that 
“ Dual-purpose reactors do not look as 


new group 1s 


president ol 


bright to us now as they once did. We 
want to devote ourselves more exclu- 
sively to straight And 
interest is in full-scale power reactors 


power. our 
rather than small plants.” 

First step of the proposal submitted 
to AEC is “the selection of a reactor 
and preliminary design work.’”’ Com- 
wealth Edison, which had requested 
AEC authorization to build a power 
reactor high- 
pressure this 
application, at least for the present. 


reportedly cooled by 


water—has withdrawn 


This is to give the new group an 
opportunity to consider this and other 
types of reactors. 

Public Northern 


Illinois, formerly associated with Com 


Service Co. of 


monwealth Edison in its atomic studies, 
has merged withthat company. Thus, 
Publie Service personnel will continue 
to be available for cooperation with the 
new study group. 

Union Electric’s partner, 
Monsanto Chemical asked 
AEC permission to go ahead with its 
Monsanto 
AEC 


reactor 


former 


Co., has 


atomic power work alone. 
has repeatedly discussed with 
officials the construction of a 
for the production of commercial elec- 
tric power and plutonium for sale to 
the government. Monsanto's 
dent, Charles A. Thomas, has 
advocated such dual-purpose plants. 
The new five-company group fits the 


72 


presi- 


long 


Both moves, of course, are 


pattern of mass corporate backing fol- 


lowed by two other study teams. 
Dow Chemical Co. and Detroit Edison 
now associated with 25 other 
Pio- 
neer Service and Engineering Co. and 
Foster Wheeler Corp. have the support 
of 6 utilities. 

The Dow-Detroit Edison 
already is conducting advanced studies 


Co. are 
firms in their feasibility studies. 


group 


of the feasibility of a breeder reactor. 
The Wheeler 


team began its studies only a few 


Pioneer Service-Foster 


months ago. 


Phillips Takes Over 
Chemical Plant in Idaho 


Operation of the chemical processing 
plant at the National Reactor Testing 
Station in Idaho has been taken over 
from American Cyanamid Company by 
Phillips This 


plant has been in operation since last 


Petroleum Company. 
February. 
Phillips also runs the materials test- 


ing reactor in Idaho. 


Schedule Symposium on 
Scintillation Counters 


A Scintillation Counter Symposium 
will be held on January 26 and 27, 1954 
in Washington, D. C., under the spon- 
sorship of AIEEE, IRE, AEC and NBS. 
Four sessions will cover energy spec- 
trometry, cosmic-ray and high-energy 
particle research, and phosphors and 
photomultipliers. 

The program will include a group of 
invited papers and a limited number of 
short contributed papers (fifteen min- 
utes). Title and abstract of proposed 
contributions should be submitted to 
R. K. Swank, chairman, program com- 
mittee, Argonne National Laboratory, 
Box 299, Lemont, Ill., by Dec. 15. 

Advance registration is required for 
attendance. Those planning to attend 
should forward their application, to- 





gether with a $2.00 registration fee, to 
H. O. Wyckoff, chairman, attendance 
committee, National Bureau of Stand- 
ards, Washington, 25, D. C. 

The program is designed, in so far as 
possible, to present recent advances in 
De- 
sign and performance of instruments 


scintillation-counter technology. 


and will be considered. 
Application of the scintillation counter 


to the solution of both industrial and 


components 


scientific problems will be discussed. 

Chairman of the Scintillation Coun- 
ter Symposium committee is G. A. 
Morton, RCA 
ton, N. J. 


Laboratories, Prince- 


Army Studies Costs of 
Small Power Reactors 
Preliminary studies of the feasibility 
of nuclear reactors to supply electric 
bases have 
Objec- 


power for remote military 
been undertaken by the Army. 
tive of the 
the costs of 


it against orthodox powel 


studies is to estimate 


such powell and AaSSess 


sases being considered and other 
details of the study are under heavy 
But the Defense De- 


has buzzed 


secrecy wraps. 


partment for some time 
with speculation over the feasibility of 
installing atomic power plants at out- 
posts like the Thule, Greenland, Air 
Base, where fuel supply represents a 
serious problem. There has been some 


talk, 


island bases, where fuel supply lines 


too, about power reactors at 
might be interrupted by enemy air or 
attacks in 


Present power costs at these installa- 


submarine event of war. 
tions range from 1.3 to 6.0 cents per 
kwh, excluding (NU, 
April ’53, p. 32). 

Only one power reactor of pertinent 


costs 


capital 


capacity and design for the Army study 
is in existence. This is the land-based 
a submarine propulsion 
unit, tests at the 
Atomic Energy Commission's proving 
Built by 


prototype of 
now undergoing 
grounds near Arco, Idaho. 
Westinghouse Electric AEC’s 
National this 
unit reportedly has a useful capacity 
12,000 kw. 
that a 
reactor now can be built to produce 


and 
Argonne Laboratory, 
of upwards of Some 


authorities estimate similar 
power at costs ranging from three to 


six cents per kwh. 
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Curtis W. McGraw Dies; 
Publishing Company Head 


Curtis W. MeGraw, president and 
chairman of the board of McGraw-Hill 
Publishing Co., of which NucLEONICcS 
is a part, died unexpectedly on Sept. 10. 
He was 57 years old. 

Mr. McGraw, third son of the late 
James H. MeGraw, Sr., who founded 
the publishing concern, had been asso- 
ciated with the company since 1920. 
He was elected president and chairman 
of the board in February, 1950. His 
leadership will leave an enduring mark 
on the pages of this and other MceGraw- 
Hill publications. 

Born in Madison, N. J., Mr. Me- 
Graw Princeton 


was a graduate of 


University. Active in numerous civic 
affairs, 


mastel! 


he was a member of the Post- 
General's recently appointed 
Board of the Post Office De- 

He was a past director and 


Advisory 
partment. 
past president of the American Book 
Publishers’ 

He was also a director of the First 
National Bank of Princeton, the 
Dragon Co., the Princeton 

Press of which he 
the Princeton Hospital of 
and the 
Magazine Publishers’ Association. 

Mr. MeGraw 
board of the Times Square 
Branch of the Chemical Bank and 
Trust Co., a member of the Men’s 
Committee of the Lighthouse, New 
York Association for the Blind, the 
Men’s Committee of the American 
Museum of Natural History, the Na- 
tional Association of Manufacturers, 
the National Society for Crippled Chil- 
dren and Adults, Inc., of which he was 
a trustee at large, the New Jersey Re- 
publican Finance Committee, and of 
the United States Golf Association. 
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Council. 


Cement 
University was 
treasure! 
which he was president, 
was a member of the 


advisory 


Hearings Transcript Shows Broad Interest 
in Effect of Atomic Energy Legislation 


A broad cross section of American industry, government, science and 


the public was represented at the recently concluded hearings on atomic 


energy legislation conducted by the Joint Congressional Committee on 


Atomic Energy (see NU, Sept. ’53, p. 9, for analysis of hearings). 


brought out in the 649-page transcript 
of the hearings just released. 

A majority of the witnesses and those 
submitting statements for the record 
avoided making specific recommenda- 
tions, either because they preferred 
not to be pinned down or because there 
was insufficient time to prepare de- 
tailed statements. However, most of 
the witnesses have indicated that they 
will prepare very specific proposals by 
October or November, well in advance 
of the next group of hearings scheduled 
for the spring. 

Below 
statements not available at the time of 


are several excerpts from 
preparation of NuCLEONICs’ September 
analysis of the hearings: 

Manson Benedict, professor of nu- 
clear engineering, MIT: I believe that 
a useful step in liberalizing security 
provisions could safely be made by 
giving properly cleared individuals all 
relevant technical and economic in- 
formation needed for intelligent de- 
At the 


present time, the administrative inter- 


velopment of nuclear reactors. 


pretation of the security provisions of 
the MeMahon Act still results in un- 
desirable compartmentalization of in- 
formation, particularly the withholding 
from individuals not employed by the 
Atomic Energy Commission of infor- 
mation on costs of uranium and other 
fission the 
building and operating Government- 


materials, and costs of 
owned facilities for processing these 
materials. Private companies seeking 
to develop economic atomic power- 
available in- 
related 


plants should have all 
the 
Government-controlled operations. 

I should like to see a number of 
pilot-plant made on 
promising types of 


formation on costs of 


investigations 
nuclear reactors. 
The homogeneous reactor experiment, 
which is being conducted at the Oak 
Ridge National Laboratory, and the 
experimental breeder reactor, which is 
being tested by the Argonne National 
Laboratory, are examples of the type 
of undertaking which should be multi- 
plied. There are a half-dozen other 
types of nuclear reactors for the pro- 
duction of useful power which cannot 


This is 
be evaluated properly at the present 
time for lack of pilot-plant experience, 
which would give us badly needed 
information on the life of equipment, 
cost of 
and efficiency of conversion of nuclear 


construction and operation, 


fuels to electric power. Private com- 
panies should be encouraged to do this 
pilot-plant work with their own funds. 
To this end, they should be permitted 
to take out and use such patents as 
might result from a privately financed 
pilot-plant program and to own full- 
scale atomic power plants which might 
be built as a pilot-plant 
findings. 

John Von Neumann, AEC General 
Advisory Committee: I would like to 


result of 


argue in favor of shifting the emphasis 
more toward guaranteed Government 
purchases of plutonium. I think it 
unlikely that this 
nature should turn out to be undesira- 


commitments of 


ble in any foreseeable future, or that 
any degree of availability of plutonium 
that we will plausibly achieve can 
prove to be uneconomical or excessive. 
The potential uses for this material are 
more varied than is now generally 
recognized. 

K. S. Pitzer, dean, College of Chem- 
istry, University of California: There 
should be a 
important atomic-weapon information 


general separation of 
from other presently classified atomic 
information. At 
an overlapping of weapon and reactor 
Without 


volvement in classified information, I 


one time there was 


information, possible in- 
cannot explain in detail the reasons, 
but I am convinced that it is now pos- 
sible to segregate all really important 
weapon data from the reactor area. 
Our security of weapon data would be 
greatly improved if it were clearly 
segregated and if security clearances 
for the weapons area could be handled 
separately from other The 
should be given broad 
authority to handle reactor data as it 
deems best. 


areas 
Commission 


I believe that a great 
body of presently classified reactor 
data might well be published. How- 
ever, it should also be possible for 
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From Alden's Line of Ready-made Components 
Unitized Plug-in Unit Construction: 


Miniature Sensing and Indicating 


ee” ALDEN | 


PATENTS 
PENDING 


The new trend to unitized plug-in construc- 
tion calls for tiny sensing and monitoring 
devices to act as “‘telltales’’ when trouble 
occurs, Device must be rugged, yet take a 
minimum of panel space. Here are latest in 
Alden Series to meet this problem. 


ALDEN | ALDEN “PAN-i-LITE” | | ALDEN “PAN-i-LITE” | 


Mounts in Quickly replace 


+348” hole bulb from front 
| of panel 


Bulb and Lens are 1 

pe. instantly replace- 

able with unbreakable 

spares. 

You can use this new tiny Alden Pan-i-Lite 
indicator where never before possible 
Easily serviced one-piece lens-bulb replace- 
able from front of panel. Mounts simply 
by pushing into .348” hole. Gives beautiful 
indication; glows like a red hot poker 
Tiny spares can always be kept ready in kit 
or taped in recess of equipment. Available 
in 6V, 12V and 28V, various colors 


FUSE BLOWS 
LITE GLOWS 
trouble in- 
Neon indi- 
light in lens 
glows when fuse 
blows. One-piece 
molded lens-and- 
indicator-lite un- 
screws from front 
of panel. Ideal for 
monitoring power 


Available for 28V, 


Spot 
stantly 
cator 


3/7 FH 
to each unitized circuit 


110V and 250V. 


ALDEN TEST POINT JACK 


110 BCS 25/32 Behind Panel 
25" f 


Fits Anywhere 

Takes Up to 8,000V. 

Provides a quick front panel check point 
for any circuit voltages in your equipment. 
This tiny en fits .257” hole and takes 
only 2%” behind panel, Beryllium copper 
contact withstands hundreds of insertions 
Phenolic or nylon insulation, many colors, 


SEND FOR FREE SAMPLES 


also rec juest free ‘‘Alden 
Handbook"’ 226 pages of tech- 
niques and components for Uni- 
tized Plug-in Unit Construction, 


147 N. Main St., Brockton 64, Mass. 


Want more information? 


\ 


ELECTRON SCATTERING APPARATUS is being used at Stanford University to study struc- 


ture of the nucleus. 
are H. R. Fechter (left) and J. A. Mcintyre. 


enters drum-like chamber containing target material through pipe at left. 


Robert Hofstadter (center) is director of the project; his associates 
Stream of electrons from linear accelerator 


Electrons 


scattered by target nuclei emerge from long aluminum window, pass into magnetic field 


for measurement 


handled at a low 
the 


atomic 


data to be 
without 


reactol 
classification limitations 


now associated with 

restricted data. 
Homer S. Meyers, president, Radio- 

active Products, Inc.: While 


in the de- 


energy 


the com- 


panies who are interested 
velopment of economic nuclear power 
are capably represented in respect to 
I wish to speak in 
this 


considered 


such amendment, 
behalf of 
industry 


another segment of 


which might be 


i “fringe” or incidental activity to 

that of nuclear power production. 
Specifically, I refer to 

Radioactive Products, Inc., 


secondary 


companies 
such as 
who are engaged in the 
distribution of radioactive isotopes and 
are engaged in the development of new 
applications of these materials to 
various industrial and other problems. 
These companies are, for the most part, 
quite new and small but are engaged in 
solving problems relating to most of the 
major industries of our country. 
There are a number of aspects of the 
Atomic Energy Act 
seriously hinder the activities of these 
companies. As an example, I should 
like difficulties 


which might be encountered by 


present which 


to review some of the 
a com- 
ours who wishes to 


pany such as 


evaluate and develop an application 
of byproduct materials involving ex- 
tremely high radiation levels such as 
be encountered in cold steriliza- 
the 


chemical reaction. 


nuaY 


tion o1 catalysis of a particular 


Use post card on last page. 


First, 
acquire information as to the materials 
that 
large-sized 


this investigator is unable to 


are potentially available from a 
Such 


available only 


operating reactor. 
information is generally 
to the personnel of contractors of the 
Atomic Energy Commission who have 
need for this information in 


If he 


is employed by one of the larger com- 


a specific 
connection with that contract. 
hand, his oppor- 


panies, on the other 


tunities are much since it is 
likely that the 
will have an Atomic 


sion contract sufficiently pertinent that 


greatel 
quite large company 


nergy Commis- 


he can acquire this exploratory data. 
that this 
acquire the 


however, 
able to 
and determines 


Let us suppose, 
investigator is 

necessary information, 
that his proposed application may be 
feasible. 
fuel 


a reactor, 


He would like to purchase a 
from 
an irradiation 


element recently removed 
or else to have 
of his own uranium sample made in one 
of the 

It is only by the broadest interpreta- 
tion of the law (as I understand it) that 
Were this 


however, 


reactors. 


such transfer is allowable. 


broad interpretation made, 


and were he to receive the material or 
services requested, he would be imme- 
diately 


complicated and expensive 


involved in a_ tremendously 
procedure 
the 
fissionable material which had passed 
further, be 


In possession of physical objects and 


in accounting for every trace of 


into his hands. He would, 


information which would require 
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treme security measures. He would a 
assume liabilities beyond any ordinary 
industrial practice for the perpetual RADIATIO 
safe handling of the materials that 
came into his possession. His distri- 
bution and use of these materials 
would henceforward be under the con- 
trol of the Atomic Energy Commission. 


Certainly a consideration of this suc- New 
cession of difficulties would discourage 

the initiation of any but the most CUTIE 
obvious likely applications. PIE 


NICB to Hold Meeting on 

Atomic Energy in Industry A self-contained battery-operated 
air ionization chamber instrument 
for use in probing for beta and 
gamma radiation. Provided with 
shield for rejecting beta particles. 


The second annual conference on 
“atomic energy in industry” will be 
held by the National Industrial Con- 
ference Board in New York, October 
29, 30 

There will be six technical sessions: EASY TO DECONTAMINATE. Highly polished formed 
changing the Atomic Energy Act—pro aluminum case and especially cast low-porosity handle. 
and con; reactor design and technical MOISTURE-PROOF. I-piece gasketed case. 
developments in new metals and SIMPLE TO OPERATE. Only 2 controls. Easily read 3” meter. 
coolants ; developing commercial atomic 3 SENSITIVITY RANGES. 50, 500, and 5000 MR/HR. 

IMPROVED BATTERY PACK. Only half as many batteries as in 


power—analysis of feasibility studies; 
previous models, resulting in trouble-free operation. 


cutting costs through use of radio- 
Isotopes ; possible economic impact of 
atomic energy; and improving product 
quality with use of radioisotopes. 

In addition, luncheon and dinner 
sessions will feature W. Sterling Cole, 


chairman Joint Committee on Atomic Improved 


Energy; David E. Lilienthal and 


Gordon Dean, former chairmen of JUNO 
AEC; Sir Hinton, 


and Christopher 


leading British atomic energy figure. Models SRJ-3 and HRJ-3 


AEC Not to Build A portable, lightweight, bat- 
tery-operated instrument, 
which measures the intensity 
The Atomic Energy Commission has of, and distinguishes between 
decided that ‘it would not be practical alpha, beta, and gamma 
at this time to locate a nuclear power radiation. 
plant in Eureka, Nev.’”’ Studies made 
of other high-power-cost areas in the @ REDESIGNED CASE. Better design has eliminated many 


U. S. brought AEC to the same joints and pockets, providing easy decontamination. 

Major joints are gasketed to minimize moisture effects. 
STRONG ALUMINUM HANDLE. Durable handle is especially 
cast and highly polished for mini porosity. 

: NUS iets 2h FEWER BATTERIES. Improved battery pack requires less 

yeal Hept. oz, p. 66) that a power batteries and provides more reliable operation. 

reactor be built at Eureka. (AEC'’s 3 RANGES IN EACH MODEL: SRJ-3 (standard range): 

report on the’ Eureka region, just re- 50, 500, and 5000 MR/HR. HRJ-3 (high range): 

250, 2500, and 25000 MR/HR. 


Eureka Power Reactor 





con lusion. 
The Nevada Atomic Power Utiliza- 
tion Committee proposed to AEC last 





leased, points out: 

1. At 10 mills/kwh cost, the de- 
mand for power by 1960 would ap- 
proximate 30,000 kw at 60% load 
fact 

2. From 10 to 15 mills/kwh the de- _ 
mand would fall off gradually; above ; 1 
5 ats need deendeaeen TECHNICAL ASSOCIATES 

3. By construction of a transmission Instruments for Nuclear Research 


line from contiguous areas such as [win 140 West Providencia Avenue e¢ Burbank, California 
Falls, Idaho; Summit, Calif.; and Salt 
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be Fused quartz of ex- 
treme purity (pure SiO), 
and with low response to 
radioactivation, permits re- 
peated usage over a long 
period of time in nuclear 
work. 


Hanovia manufactures a 
complete line of fused 
quartz apparatus, duplicat- 
ing virtually all shapes in 
which chemical glassware is 
made. 


CHEMICAL & MFG. CO. 
100 CHESTNUT STREET, NEWARK 5, WN. J. 
Special Products Division 

Dept. N-1053 


Lake City, Utah; the cost of power 
delivered to Eureka is estimated to 
range from 10 to 13.1 mills/kwh. 

4, Power of the required magnitude 
and load factor would cost from 20 to 
25 mills from reactor sources of the 
small size needed, assuming present 
technology.” 


Power Program Unchanged 
by Russian H, A-Bombs 


Prospects for development of indus- 
trial electric power from fissionable 
fuels are undimmed by recent Russian 
experiments with both fission and 
thermonuclear weapons. 

That’s the concensus of informed 
sources in Washington, both in Con- 
'gress and in the military and other 
administrative agencies. 

Briefly, here is how official Washing- 
ton took the news that Russia had 
conducted thermonuclear tests on 
August 12 and started experiments 
with apparently far-advanced explo- 
sives of the fission type on August 23. 

This was about the kind of progress 
our military and atomic energy experts 
had estimated the Russians would 
make in this field several years ago. 
The Reds may have been a few weeks, 
perhaps months, ahead of the time- 
|table estimated for them in Washing- 
ton, but no more. So both our mili- 
| tary and atomic energy programs 
| have been geared to meet just this type 
|of Russian advancement. 
| Nowhere in Washington is there a 
Peat for expansion of Atomic 
| Energy Commission’s production and 
'development programs. ‘True, there 
probably will be calls next year when 
Congress convenes for additional spend- 
ing for air defense as a result of the 

tussian tests. Any change in the 
| atomic energy program, however, prob- 
ably will go to military applications 
rather than to the supply of fissionable 
materials for that purpose. 

Before leaving with several other 
|members of the Joint Congressional 
| Committee for a trip to South Africa, 
Chairman W. Sterling Cole reaffirmed 
ithe Committee’s schedule for hearings 
| on proposed amendments of the Atomic 
Energy (McMahon) Act of 1946. 
| The Committee still plans to get these 
| hearings under way early next vear, 
get amendments designed to promote 
| private development of nuclear power 
| before Congress by April or May. 
| AEC officials also discounted the 
| possibility that military demands for 
fissionable materials will increase so 
sharply as a result of the Russian tests 
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as to make diversion of such material 
for industrial impossible. 
They pointed out that the military 
program for development of nuclear 
weapons, like AEC’s own expansion 


purposes 


program, was designed to meet just 
such eventualities as the now apparent 
Russian program. 

AEC people also emphasized that 
diversion of materials for industrial 
nuclear power still is years away, will 
not be necessary until after a plant is 
actually built. The first diversions 
insignificant 
power 


will be comparatively 
Finally, a thriving 
industry eventually will be an addi- 
tional source of fissionable materials 
that can be tapped in the event of a 


nuclear 


military emergency. 
These views were shared at many 
levels in the Defense Department. 


IN: BRIEF 


@ World nucleonics. On a proposal 
by Gunnar Randers, director of the 
Joint Norwegian-Dutch Atomic En- 
ergy Establishment, the participants in 
an international conference on indus- 
trial nuclear power unanimously voted 
in Oslo last month to establish an 
international nuclear energy associa- 
tion, to be open to scientists of all 
nations. Organizational details will be 
worked out by a five-man committee, 
subject to approval by scientific bodies 
in the participating countries. 


® Production plant. A classified pro- 
duction facility will be built by AEC 
at the Lake Ontario (N. Y.) Ordnance 
Works at a cost not to exceed $5-mil- 
lion. Singmaster and Breyer, New 
York City, will be the architect- 
engineer contractor to design the 
facilities, and the Hooker Electro- 
chemical Co. of Niagara Falls the 


operating contractor. 


® Contract extended. The agreement 
between AEC and Union Carbide and 
Carbon Corp. has been modified to 
include operation of additional facilities 
at K-33 and Y-12 plants, Oak Ridge, 
and the gaseous diffusion plant, Pa- 
ducah, Ky. The terms of the agree- 
ment were also extended two years, to 
June 30, 1957. 


NEWSMAKERS 


E. P. Lee will head a new department 
that will test a prototype atomic sub- 
marine power plant at Knolls Atomic 
H. Warren 


replaces Lee as manager of the manu- 


Power Laboratory. J. 


facturing department reactor section 
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at Hanford, and R. O. Mehann assumes 
Warren’s post as reactor section pro- 


duction superintendent. 


Lawrence C. Widdoes has taken a two- 


vear leave of absence from Monsanto 


Chemical] 


Co. to become project direc- 
tor for the research reactor being built 


by the University of Michigan. 


James W. McRae, vice president of | 
Bell Telephone Laboratories, has suc- | 
ceeded Donald Quarles as president of 


Sandia Corp. 


| 
| 
} 


Three department heads have been 
appointed by Walter Kidde Nuclear 
Laboratories: C. B. Ellis, research dept., 
laboratory division; J. J. Byrnes, engi- | 
neering dept., laboratory division; and 
Karl Puechl, theoretical dept., develop- | 
ment division. 


W. W. Grigorieff, director of the In-| 
stitute of Science and Technology of | 
the University of Arkansas, has been | 
named chairman of the university rela- | 
tions division of the Oak Ridge Insti- 
tute of Nuclear Studies to replace | 
Russell S. Poor. 


Capt. Robert A. Hinners, USN, has 
been appointed director of the Navy’s 
Defense Laboratory. in 


He 
with the Armed Forces Special Weapons 


Radiological 


San Francisco. was previously 





Project in Washington. He succeeds 
Capt. Joseph L. Bird, USN, who has | 
been assigned to the Bureau of Ships in 
Washington. 


P. A. M. Dirac has received the Copley 
Medal of the Royal Society for his con- 
tributions to the relativistic dynamics | 
of a particle in quantum mechanics. 
The Hughes Medal of the Royal 
Society was awarded to P. I. Dee. 


B. D. McDaniel of the physics depart- | 
Cornell University, is at the 
Australian National University, Can-| 


ment 


berra, on a Fulbright Fellowship. 


Terminals are hermetically 
sealed by exclusive process 
developed for Cannon's widely 
acclaimed hermetically sealed 
electric connectors. 


Insulation test: 1000v ac 


The armature (plunger) and the 
anvil are high quality annealed 
Armco magnetic ingot iron. 


TRUE 
hermetic sealing 
in this new 


CANNON (IC 
SOLENOID 


For pressurized or corrosion resistant 
service, Cannon's dc Solenoids offer posi- 
tive hermetic sealing, sound construction, 
painstaking workmanship and high- 
est quality materials. A vitreous insulat- 
ing material is heat-fused to shell and 
contact terminals, creating a perfect seal. 
Other parts are silver brazed. The en- 
tire solenoid is then copper-nickel-chrome 


plated to insure complete coverage, high 
| corrosion resistance and long, trouble-free 


service. Solenoid No. 19760, above, the 
first hermetically sealed product of this 
type, is built for continuous duty on 28v 
dc systems. Fitted with other coils, it 


| renders intermittent duty as characterized 


| by the chart at right. Cannon's hermeti- 





Special Report Available 


Reprints of “Should the Atomic Ener- 
gy Act be Revised?”, a NUCLEONICS 
Special Report summarizing and ana- 
lyzing the testimony on atomic power 
at public hearings of the Joint Con- || 
gressional Committee on Atomic En- || 
ergy are available without cost. For 
single copies, write to 


Reprint Department 
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330 W. 42nd St. New York 36, N. Y. 
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cally sealed solenoid series reflects the 
same uncompromising attention to details 


| of sound design, engineering and work- 
| manship that has made the name “Can- 


non” synonymous with “quality” for more 


| than 38 years. For complete information 


write for new Solenoid Bulletin DCS4- 
1953 showing 105 different assemblies. 


TRACTIVE FORCE (POUNDS) 


Molded Nylon cap pro- 
tects the terminals. 


Molded ‘‘Silcan’’ cap 
protects the return 
spring and plunger end. 





“4 VY Y% 

SOLENOID STROKE (INCHES) 
Solenoids of the hermetically sealed 
19760 series, through modification of the 
coil windings, can meet various charac- 
teristics and specific applications within 
the limits indicated above. 


Since 1915 


CANNON ELECTRIC COMPANY, LOS ANGELES 31, CALIFORNIA 
Factories in Los Angeles, Toronto, New Haven. « Representatives in principal 
cities. Address inquiries to Cannon Electric Company, Dept. J-124 Los 


Angeles 31, California. 
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This new, cancer-fighting tele- 
yay unit gives off radiation 
from Cobalt 60 equal to that of 
a 2,000,000-volt X-ray machine. 
Hevimet encases and controls 
these powerful rays; pinpoints 
them as directed. 


HEVIMET... 


an ideal tungsten 
shield for 


radioactive screening 


GIVES 40% MORE GAMMA 
RAY PROTECTION THAN LEAD 


Carboloy#® Hevimet, made of 
90% tungsten, 6% nickel, 4” 
copper, offers high density . . . 
is machinable, strong, non- 
porous. 

These properties make it 
ideal for use as containers for 
radioactive materials and for 
other atomic shielding appli- 
cations. 

Hevimet is available in many 
sizes and shapes, or designed 
to fit your needs. Engineering 
assistance available. Write to- 
day. 


“Carboloy” is the trademark for the products of the 
Carboloy Department of General Electric Company 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11130 E. 8 Mile Ave., Detroit 32, Michigan 


Plants at Detroit and Edmore, Michigan 
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Hospital Physics in Britain 


This letter describing the role of the 
physicist in British medical establish- 
ments was written by Dr. F. W. Spiers, 


Dept. of Medical Physics, The 


Uni- 


| versity of Leeds, England at the request 


of the editors of NUCLEONICS. 


DEAR SIR: 


The close association between medi- 
cine and physies has long been recog- 
nized and is considered of such funda- 
mental importance that a knowledge 
of general physical principles is re- 
garded as essential to the study of 
medicine. It is, however, 
tively recently that the physicist has 


compara- 


personally become active in various 


branches of clinical medicine. He 
entered the hospital via the radio- 
therapy department, and while his 
chief sphere of activity remains there, 
various other departments are recog- 
nizing the help he is able to give and 
are calling on his services. 

In Britain, perhaps more than else- 
where, a close working partnership has 
developed between the radiotherapist 
and the 


have contributed to this. 


Several factors 
The radiolo- 
gist very early realized that he required 
the help of the physicist if he was to 
develop the medical use of radiation 


physicist. 


safely for himself and his patient. 
Since 1929 the National Radium Com- 
mission, in developing a radiotherapy 
service for the country, did much to 
concentrate this type of work in the 
large centers of population and re- 
quired provision of physical assistance 
in the main treatment units. The 
British Institute of Radiology, with 
its mixed membership of radiologists, 
X-ray 


throughout provided a common meet- 


physicists and engineers, has 


ing ground for workers in medical 


radiology, and an internationally ac- 
cepted journal to which both doctor 
and physicist can contribute. Today 
the hospital physicist is not only ac- 
cepted by the radiotherapist as an 
indispensable unit in radiotherapeutic 
staffing; he also enjoys active support 
from such bodies as the Faculty of 
Radiologists, The Royal Society of 
Medicine, the Medical Research Coun- 
cil and the British Empire Cancer 
campaign. 

It is this 


university graduate in a ‘“‘nonmedical”’ 


interesting to consider 
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subject, who in so short a period of 
time has established an almost unique 
position in the hospital world; to in- 
quire where he works, what he does, 
how he is trained, about his relation- 
ship with the doctor and his service to 
the patient, his part in research and 
his association with other scientific 
workers. 

Training and functions. 
tial that the hospital physicist have a 
first-class knowledge of his own basic 
In Britain an honors degree 


is looked for, and some research ex- 


It is essen- 


subject. 


perience is regarded as an invaluable 
asset. 

Considerable further training is re- 
quired before the physicist becomes an 
experienced member of a radiotherapy 
department. Previous undergraduate 
study in biology or physiology is of 
considerable help, but much of his 
knowledge and experience of clinical 
medicine and medical terminology 
must be obtained subsequently at first 
Most British hospital physi- 
indebted to their radiothera- 


Instruction, 


hand. 
cists are 
such 


pist colleagues for 


although some attempts to provide 


more formal courses in appropriate 


medical subjects are now being made 
by the Hospital Physicists’ Association 
and by the 


Although it is too early to suggest that 


some ol larger centers. 
a particular medical syllabus should 
be laid 


graduate study by the hospital physi- 


down as suitable for post- 
cist, courses have been held to cover 
such subjects as radiobiology, radia- 
tion chemistry and some aspects of 
physiology. Selection 


anatomy and 


of material must necessarily be made 
in dealing with subjects as large as 
these, for, although a general medical 
knowledge may suffice for many pur- 
detailed 


knowledge of a 


poses, and much deeper 


particular medical 
problem is at times all important. A 
general indication of the scope of the 
early courses arranged for hospital 
physicist by Dr. F. 


found in his recent book (1). 


G. Spear is to be 


An important part of the hospital 
physicists’ training, however, can only 
be acquired in the clinic itself. On 
the physical side the hospital physicist 
must learn to adapt the methods of the 
laboratory to the needs of the clinic. 
His apparatus must of necessity be 
better finished than its counterpart on 
the laboratory bench. It may need 
to be capable of sterilization. Above 
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it must be reliable even 


adverse conditions. 


all 


Trained primarily as a scientist, he is | 
at first to | 
doctor’s apparently 


find it difficult 
the 
unscientific approach to clinical prob- 
the patient’s welfare 
than a concise solution is the 


likely 


understand 


to 


lems wherein 
rather 


over-riding consideration. 


under | 


But, with- | 


out lowering the standard of his own | 
scientific thought, he must school him- | 


self always to view the purely physical | 


the 
sick 


with 
the 


perspect ive 
of 


arguments in 


medical considerations 
human being. 

Having acquired understanding of 
the medical and clinical aspects of his 


work, the physicist gradually becomes | 


an experienced member of a team, able 
to assess the physical possibilities and 
limitations of various agents or meth- 
ods, and to assist in the development 
of those found suitable for clinical 
application. His relationship with the 


doctor eventually becomes that of a | 


partner in procedures that require a | 


medical 
physical This best 
illustrated by reference to the hospital 


combination of special 


knowledge. is 
physicist’s daily work. 

In many centers the major function 
of the hospital physicist is to provide 
the physical control for all forms of 
radiation Research is not 
thereby excluded, but the first duty is 
to 


quantitative physical data for the safe 


therapy. 
derive and keep up to date the 


and accurate use of radiation sources. 

On the one hand this includes the 
measurement of the output of X-ray 
tubes and radioactive sources, and the 


responsibility for radiation monitoring. 


and | 


On the other hand, in a variety of | 


ways, the physicist may take a direct 
part in the individual patient’s treat- 


ment. He may be consulted when the 
choice of the particular radiation 
method is under consideration, dis- 
cussing with the radiotherapist the 
physical problems of delivering an 
adequate dose of radiation to the 
patient’s tumor, giving advice and 


making suggestions in the light of his 
physical knowledge and clinical experi- 
ence. In some centers the physicist 
may then supervise the making of some 
appliance for giving the treatment, and 
later will test its efficacy by calculation 
direct 
In many cases standardized techniques, 


or by radiation measurement. 


worked out by the radiotherapist and 
physicist together as being applicable 
to whole groups of patients, can be 
used, thus avoiding considerable repeti- 


tion of labor. In others, special 


difficulties may call for ad hoc physical | 
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BERKELEY Utwity Scaler Model 21 


is a direct-reading decimal scaler for use with either G-M tubes or 
Scintillation Counters. It is a versatile instrument with wide applications 
in medical research and laboratory radioassay work. Employs a preset 
count facility permitting automatic operation over full range of 10 
predetermined count settings from 10 to 40,000; similar number of 
scaling factors are provided for operating an external register or 
BERKELEY Count Rate Computer. Automatic timer available. Has HV 
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BERKELEY Counting Rate 
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BERKELEY Scintillation 
(Model 2250 Vial Counter shown) employ a highly-efficient Sodium 
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collimating lead shield accessory, also available. 
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optical grade 


| investigation to explore the possibili- 
| ties of a suggested method of treatment 
| before a final decision can be taken. 
This participation of the physicist in 
the planning and evaluation of radia- 


Z : N Cc B a ©] M I D a | tion of treatments is a valuable service 
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for your viewing windows 
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to both radiotherapist and patient and 
ultimately gives the physicist a deep 
understanding of the clinical and 
physical problems of cancer treatment 
with which so much of his work is con- 
cerned. Not all the purely computa- 
tional work need be done by the 
physicist himself, and it is becoming 
usual to employ trained technicians 
to carry out the more routine pro- 
| cedures under the physicist’s direction. 

The hospital physicist in Britain, 
already established in X-ray and 
radium therapy, has naturally played 
a similar role in the development of 
the medical use of radioisotopes. In 

| addition to furthering the therapeutic 

use of radioactive substances other 
| than radium, he has become an essen- 
| tial member of the “radioisotope 
team” applying radioactive methods 
to the diagnosis of disease and to the 
study of body function over a wide 
| field of medicine. He collaborates in 
devising the methods to be employed, 
| is responsible for the physical measure- 
| ments (again with ‘the assistance of 
| technicians), and assists in the inter- 
pretation of the results. 

“Health physics” is not so far re- 
|garded as a separate and _ special 

activity; only exceptionally is a physi- 
| cist appointed solely for the purpose of 
running a hospital protection service. 
| The work is usually carried out as part 
of the hospital physics service with the 
aid of a technician. 

Considerable advance has been made 
| in the understanding of the mode of 
|action of radiations on living cells. 

Today there is a vigorous prosecution 
| of research in the fields of radiobiology 
'and radiochemistry. The hospital 

physicist, with the problems of clinical 
radiotherapy around him, has so far 
given only limited attention to this 
fundamental side of the radiation 
problem. Much essential information, 
however, is still lacking on the physical 
side, and there is great scope for 
collaboration between the physicist 
and his colleagues in radiobiology and 
radiation chemistry. 

Organization of hospital physics 
departments. The organization of 
hospital physics throughout the coun- 
try depends to some extent upon the 
size and character of the institution. 

In some London centers hospital 
physics is directed by the physics 
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department of the associated medical 
school. The staff of such a depart- | 
ment is large enough to handle teaching | 
of undergraduate and postgraduate 





medical physics and to allow some | 
members to devote the greater portion | 





of their time to developing the hospital 
physics services. 


There are some institutions of a 

















research character where considerable 
numbers of physicists are able to work 


in teams with medical colleagues on 





intensive studies of special problems. 
The more general pattern of organiza- 
tion is that common to large radio- 
therapy centers serving populations of 
about 1 to 5 million. In these the 











physics staffs are large enough to 








provide the radiation physics service 


and at the same time to devote effort 





to research and development. Some 
teaching is also usually done in giving 
courses in physies for the postgrad- 
uate radiological diplomas and _ the 
professional diplomas required — of 
radiographers. 
The smaller centers frequently have 
only one physicist on the staff. The 
cooperation between the radiotherapist 
and the physicist is then usually very 
close and effective, but the physicist 
himself is liable to suffer by the almost 
unavoidable isolation from other physi- 
cists. Attempts are being made in 
many places to minimize this isolation 
by associating the small center with Size: 
the larger center in the region, thereby Ve" x NVs" x 17%" 
providing the necessary professional | 31.5 Pounds 


contacts and rendering assistance by VIZ 
the loan of special equipment and ANOTHER EXAMPLE or 1 5 PIONEERING... 
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The practice ol providing an itiner- 
ant or visiting physicist for a number | 


ticularly in the treatment of the | 
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Distribution of 188 Physicists on 71 
British Staffs 


N u mbe T of 
Size of staff de partments 





physicists is apparent in the figures for 
the London area, but this is due to the 
special conditions in some large re- 
where the physicists 


search centers 


outnumber the radiotherapists. If we 
exclude three centers devoted mainly 
to radiotherapeutic research, the fig- 
ures for the whole country indicate 
that one full-time physicist is employed 
full- 
Earlier statistics 
Tod (2) 


show that such a ‘“‘unit” of two radio- 


for approximately every two 
time radiotherapists. 
compiled by Dr. Margaret 
therapists and one physicist is needed 
to carry out the work of a department 
treating some 500 new cases per year. 

It is important that physicists have 
makers 


the assistance of instrument 


and electronics technicians with ade- 


quate machine tools and _ electrical 


equipment. In the larger centers two 


instrument makers are considered 


necessary for every three or four 
physicists who spend some of thei 
A similar 


time on research. propor- 


tion of electronics technicians is em- 
ployed in some departments 

Finally, an important development is 
appearing in some of the larger centers 
associated with university teaching 
hospitals, where increasing application 
of physies is being made to branches of 
medicine outside radiotherapy (3). In 
one direction, increasing attention is 
being given to the field of diagnostic 
tech- 


nology have not only posed new physi- 


radiology, where advances in 


cal problems but also re-introduced 
some of the older ones in a more acute 
form (4). In other directions, modern 


electronic techniques have greatly 


increased our ability to observe tran- 
and thereby have 


sient phenomena 


made possible new studies of body 
The physicist with a knowl- 
find 


interest where electrical phenomena are 


function, 


edge of electronics can much 


associated with physiological action. 
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UARE PULSE GENERATOR 


for the 


MILLIMICROSECOND to 
MICROSECOND RANGE 


New Basic Test Instruments for NUCLEAR, 
RADAR, TV, UHF, and other fields in 
which FAST PULSE CIRCUITS are em- 
ployed. Three or more pulse outputs 
are available in Model 300. 


SPECIFICATIONS 

PULSE SHAPE: square pulse 

RISE TIME: .001 wsec. from 10% 
to 90% amplitude 

PULSE WIDTH: .001 msec to several 
Aisec. 

PULSE AMPLITUDE: From 100 volts 
to .006 volts in one db steps 

OUTPUT IMP: Matched to any im- 
pedance for standard coax lines 

POWER INPUT: 105-125 V, 60 cy. 


SIZE: 17-1/2" x 19” x 10-3/16" 
ELECTRICAL & PHYSICAL 


INSTRUMENT: CORP. 
42-19 27th Street, L.1.C. 1, N. Y. 


STAINLESS STEEL 
FASTENINGS 
Gy OF ALL TYPES 


RIGHT OFF THE SHELF 


In-Stock-Service on small or large 
quontities - Cap Screws - Machine 


«< 
Cs 
€ Screws Sheet Metal & Wood 


Screws - Set Screws - Nuts, Wash- 
ers, Etc. 
Class 3 AN Drilled Fillister Heads 
Fost service on special screw 
machine products 

S WRITE, WIRE OR PHONE 

- ) YOUR REQUIREMENTS 


New Catalog Now Available 
—write today 


a Len, STAINLESS SCREW CO. 
Sod 


\e¢ (ame fhm Sosa mory 4-1240 
“~ 226 Union Avenue - Paterson 2, N. J. 
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October, 1953 - NUCLEONICS 





Problems in the field of electrophysiol- 
in the study of arterial pressures 
the 


sounds are 


ogy 
and 
heart 


in recording and analysis of 


may well claim attention. In some 
centers it has been found advantageous 
for one or more physicists to devote 
es to the application of elec- 
the to both 
and other medical work. 

then, much to be said for 
one department embracing the wider 
field of medical physics, even if it must 
still regard radiation therapy its 
major activity. Physicists with a 
wider variety of skills and interests 
are thereby held together and mutual 
advantage comes from the interaction 
their work and ideas. If, in addi- 
there is official connection with 


themsel 


tronics, in widest sense, 
radiological 


There is 


as 


of 
tion 
the local university, or if, as in some 
cases department becomes a uni- 


versity department, research can be 
more effectively supported, collabora- 
tion with other departments 
effected, and the important 
function of training postgraduate phys- 
icists undertaken. 


he Hospital Physicists’ 


more 


Casli\ 


Association 
maintains a diagrams and data scheme 
that has 
sritish 


tion 


assembled scientific data from 
centers and made the informa- 
eadily and cheaply available to 
any institution requiring it (4). 
It is clear that the growth of hospital 
Britain has come about 
largely as a result of the efforts made 
to develop the country’s radiotherapy 
that 
greatly 
ol 
tributions of population. 
The of 
has progressed beyond the 


the 


in 


physi Ss 


this development 
facilitated by the 
relatively dis- 


services, and 


itsell! was 
existence compact 


applications physics — to 


medical in 
the 


xities of his own specialty, is 


which man, 


to following increasing 


ilso to be his own applied physi- 


ist. Collaboration between medical 


phy sicist and doctor is to-day essential 


if the patient is to have the benefit of 
treatment planned in the light of the 


most up-to-date medical and physical 


thought. 
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NET chester lectronics 


SOLVES ‘“‘MINIMUM"’ WEIGHT AND SPACE PROBLEMS 
SM1 SINGLE CONTACT 


SUB-MINIATURE 


Single- and 
Double-Contact 


CONNECTORS 


MONOBLOC* CONSTRUCTION eliminates un- 
necessary creepage paths, moisture and 
dust pockets and provides stronger 
molded parts. 


MOLDED MELAMINE BODIES (in accord- 
ance with MIL-Pl4a) — mineral filled 
— are fungus-proof and provide me- 
chanical strength as well as high arc 
and dielectric resistance. 


CONTACTS PRECISION MACHINED: Pins from 
brass bar (QQ-B611) and Sockets 
from spring temper phosphor bronze 
bar(QQ-B746a). They are gold plated 
over silver for consistent low contact 
resistance, reduction of corrosion and 
aid in soldering. 


SUB-MINIATURE 
RECTANGULAR 
CONNECTORS 


These connectors also employ standard 
Winchester Electronics features: 


Wid 
+7 


MINIATURE STAND-OFF 
FEED-THROUGH 


Shown here are but a few of the large line of 
terminals now available and which are par- 
oa useful in limited space applications: 
WA b well insulated electrical 
tie oe (Stand- oft Rewer ond 2) For passing 
high voltage through a chossis or @ ponel 
(Feed-through type). 





MOLDED MELAMINE BODY: ( MIL-Spec. 
P-14, Type MTS-G-2 or G-3) for high 
dielectric and mechanical strength. 


TERMINALS: Solder Type ( Bifurcated or 
Turret) brass, hot tin dipped; Screw 
Thread Type (Tapped insert or 
Threaded stud ) No. 4-40 or No. 6-32, 
brass, cadmium plated, clear iridite 


finish. 


MOUNTING METHUD: Rivet, hollow alu- 
minum shank (.094” O.D.) assembled 
by swaging or spinning; Tapped Insert, 
brass, cadmium plated, clear iridite 
finish, assembled with No. 4-40 or No. 
6-32 standard machine screw; Thread- 
ed Stud, brass, cadmium plated, clear 
iridite finish, assembled with No. 4-40 
or No. 6-32 nut. 


BREAKDOWN VOLTAGE: 


Stand-off Body Length D.C. Voltage 

7,000 V 
14,000 V 
22,000 V 
24" 000 V 

F e ed -through Creepage Length 

5/32 4,500 V 

9/32” 8,000 V 
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POLARIZATION: Be 
one position on 


uly design of the 


ly. 
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‘mr DOUBLE commact 


permits engagement in 
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mounted with a 4-28 cadmium plated brass nut. A melamine 
hood protects soldered wires. 
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PRODUCTS 


Automatic Scaler 

Utting Associates, Inc., 290 Centre 
St., Newton 58, Mass. The SG-IA 
scaler has 7 preset counting ranges from 
100 to 100,000; preset or elapsed times 
up to 1 br are provided by the built-in 
timer. msec; 
maximum sensitivity is 20 mv for 
alpha proportional, 
G-M_ counting. 
matic or manual, 


Resolving time is 5 
scintillation, of 
auto- 


(P-1) 


Operation is 


Nuclide Punched Cards 


Radioactive Products, Inc., 443 W. 
Congress, Detroit 26, Mich. This set 
of punched cards, utilizing the McBee 
Keysort system (NU, Feb. 53, p. 68), 
classifies the properties of almost 1,200 
nuclides. Radioisotopes 
lected by half-life (42 subclasses) ; alpha 
(9 subclasses), beta (19 subclasses), and 
energy and 
The system is supplied 
Re- 
not 


(P-2) 


can be se- 


gamma (19 subclasses); 
availability, 
with sorting trays and probes. 
visions will be offered, but are 


expected to be extensive. 


iii ae O esta 
Pulse-Height Analyzer 
Radiation Instrument Development 
Laboratory, 2337 W. 67th St., Chicago 


36, Wl. The model 115 single-channel 
pulse-height analyzer handles pulses of 
0-100 volt amplitude. The unit con- 
tains linear amplifier, coincidence and 


84 


ann MATERIALS 


anticoincidence circuits, and pulse 
generator. Channel width is adjust- 
able from 0 to 10 volts; switch allows 
0-10 ranges. 
width and channel level are calibrated 
Amplifier 
gain is 1,000; amplifier attenuator set- 


Pulse 


0-5 or volt Channel 


to read directly in volts. 
tings are 1, 44, 14, 14, and 46. 
generator is self contained for checking 
calibration. The unit may be used as 
an integral or differential pulse-height 


analyzer. (P-3) 


Test Chombers 


Murphy & Miller, Inc., 1326 S. Michi- 
gan Ave., Chicago, Ill. This line of 
test chambers produce temperatures 
from —130° F to 200° F, and standard 
humidity cycle of 20-95 % at 35-185° F. 
Test space capacity is 4-36 ft; test 
spaces are stainless steel. Four 5¢-in. 
i.d. sleeved openings are provided for 
ete. 


(P-4) 


introduction of electrical leads, 


A defrost system is provided. 


Impervious-Graphite Pumps 


Falls Industries, Inc., Aurora Rd., 
Solon, Ohio. Impervite pumps utilize 
solid machined resin-impregnated 
graphite for all components exposed to 
liquids. The 
claimed to lack any tendency to con- 
taminate the fluids in 
Pumps are of the horizontal, single- 


corrosive graphite is 


circulation. 


stage, end-suction, open-impeller type, 
with rigid ball-bearing brackets. Six 
sizes are available with capacities from 
They work against a 


(P-5) 


25 to 250 gpm. 
head of 25-100 feet. 





Static Remover 

Nuclear Products Co., Dept. 56, 10173 
E. Rush St., El Monte, Calif. The 
a polonium 
The 


Po alpha emission neutralizes static 


Staticmaster consists of 


strip in a stainless steel housing. 
electricity. The unit is 23¢ in. long 
without mounting tips and weighs 11 
gm. 
ization equivalent of 125 ue at time of 
(P-6) 


The polonium provides an ion- 


shipment. 


Strippable Liner for Tanks 


National Research Corp., 70 Me- 
morial Dr., Cambridge 42, Mass. By 
lining the interior of metallizing 
vacuum-coating tanks with Narliner 
strippable liner, layers of evaporated 
metal can be periodically removed. 
The synthetic liquid resin is applied to 
the inside of the tank by brushing or 
spraying. After a coating cycle, the 
plastic lining is then stripped from the 
tank walls. 
l- and 5-gal containers. 


The liner is available in 
(P-7) 


Radiation Monitor 

Nuclear Instrument and Chemical 
Corp., 229 W. Erie St., Chicago 10, 
Wl. The 1310 monitor, 
developed at ORNL, consists of an ion 


model area 


chamber and a main chassis. It is 
usea for measurement of relatively 
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higt 


reactors 


neutron flux around 
The 4,000 
em® ion chamber may be located up to 
100 ft 


gamma Or 
and accelerators. 
away from the main chassis. 
Pane! meter provides visual indication 
gamma or neutron radiation up to 

ir. A panel alarm light indi- 

meter reading preset from 

External alarm and 
(P-8) 


» 125 mr/hr. 


rder may be connected. 


a 
X-Ray Diffraction Camera 

North American Philips Co., Inc., Re- 
search & Control Instruments Div., 750 
S. Fulton Ave., Mount Vernon, N. Y. 
This back-reflection camera, for deter- 
mination of atomic-lattice constants in 


X-ray 


of 60 mm and weighs 914 lb. 


diffraction work, has a radius 
It covers 
a range of Bragg angle values from 59 
to 88.74 deg. V-notch reference marks 
along the lower edge of the film turret 
eliminate errors due to film shrinkage 
by making a wedge pattern along the 
lower edge of the exposed film. A 
collimating slit system provides cali- 
bration. Thespecimen holder is slowly 
oscillated in a small are by means of a 
A coupling is pro- 


(P-9) 


motor-driven cam. 
vided for gas filling. 


Large-Area Electrodes 


Beckman Instruments, Inc., South Pasa- 
dena I, Calif. 
trodes 


+ 
Slivel 


These large-area elec- 
with tips of platinum, gold, 
or nickel, can be used with any 
sJeckman pu 
titrator They 
tures to boiling or above. 


meter or automatic 


withstand tempera- 
The larger 
areas are said to provide speed and 
stability in oxidation-reduction poten- 


tial measurements. (P-10) 
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Preflush Flow Counter 


Atomic Center for Instruments & 
Equipment, Inc., 489 Fifth Ave., New 
York 17,N. Y. The model 21 preflush 
flow counter is a 3-position windowless 
the 
The sample 


counter for operation in Geiger 
and proportional regions 
platform contains recesses for loading, 
the 


Geiger region with helium-butane mix- 


preflushing, and counting. In 
ture, the plateau is 200 volts, slope is 

1%, and starting potential is 1,250 
volts. For proportional counting with 
methane gas, the plateau is 300 volts, 
slope <1%, and starting potential is 
3,000 volts. Background is 
Well size is 1% 


1S epm. 
(P-11) 


42 In. 


Inspection Probe 
Eder Instrument Co., 2293 Clybourne 
Ave., Chicago, Ili. 
to the 
“Tnspectroscope ”’ 


Similar in design 
the 
for 


physicians’ gastroscope, 


can be used 
inspecting narrow passages or molded 
cavities; it fits into a !4-in. opening. 
The tube contains as many as 60 lenses 
that reflect the image to the inspector’s 
A strong light the 
area looked at. A wheel on 
the tube to fit 
around corners. (P-12) 


eye. illuminates 
control 
the 


handle curves 


Transistors 

Westinghouse Electric Corp., 401 
Liberty Ave., Pittsburgh 30, Pa. 
Types WX-3347 and WX-4813 tran- 
sistors are available in sample lots for 


development use in amplifier, oscil- 


lator, and switching circuits As a 


grounded-base amplifier under small 
the 


operating 


conditions, 
W X-3347 


istics are: collector current, 2-3 


signal point-contact- 


type character- 
ma; 
power gain, 18 db; cutoff frequency, 
2 Me. 
emitter and base input, P-N-P junc- 
tion-type WX-4813 characteristics are 
collector current, 1-2 ma; power gain, 


30 db. P-13 


As an amplifier with grounded 


Metal and Mineral Detector 

The Radiac Co., Inc., 489 Fifth Ave., 
New York 17, N. Y. The 
Kye”’ 1s 10-lb electronic 
detector for locating buried metals and 


‘Private 
a portable, 
minerals. It may be used over any 


kind of The 


detector uses radio batteries and con- 


terrain or fresh water 
sists of a transmitter and receiver that 
may be folded in suitcase fashion when 


not in use, P-14) 


Two-Speed Rotary Drive 
Transradio Ltd., 138A Cromwell Rd., 


London, S. W. 7, England. 
57-360 
designed for multi-turn control appli- 


The type 
two-speed rotary drive is 
cations, e.g., control of variable con- 
densers, inductances, slide-wire poten- 
tiometers, and wavemeters. By axial 


the knob, 


coarse searching speed and fine setting 
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displacement of control 





control are available over the whole 


range. The main dial shows 200 
SERVE your divisions; in combination with the 
turn-counting dial, positioning is pos- 


SERVO- sible to 1 in 4,000 divisions (each small 


division represents 5.4 min of arc). 
SYSTEMS An unlimited number of 360-deg rota- 
tions can be made; up to 20 rotations 
of the operating shaft are marked on 
the inset turn-counting dial. (P-15) 


FORD INSTRUMENT 
Single Spider Gear 
Precision Differential 
Available in 3/16, 1/4, 5/16 inch shaft diameters 


Send for FREE Booklet 
with Full Information 


A zero spiral angle insures smooth mo- 

tion with equal friction and thrust in 

either direction of rotation. Here’s the 

low friction differential that’s perfect 

for high sensitivity servo loops. Lost motion on pitch line 

does not exceed 5 minutes of arc (in the 14” and %o” 

models) —less than 7 minutes in the %«” model—excep- 

tional accuracy. Additional design characteristics give 

exceedingly long life expectancy to this differential of Liquid-Level Control 


fine FORD precision. 
10A Haledy Electronics Co., 57 William 


FORD INSTRUMENT COMPANY St., New York 5,N. Y. This electronic 


liquid-level control utilizes an all-cold- 
DIVISION OF THE SPERRY CORPORATION 


cathode-tube design. Liquid contact 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


is made bv stainle teel rods. Accu- 
racy 1s independent of pressure and 
temperature. The Haledy TT-1 triode 
used has an amplification factor of 
2's x 10% Current across the elec- 
trodes is <2 wa. Electrodes can be 


>, % 
the most widely | up to LO it: suspended probes can be 
used Electronic : used for greater lengths. (P-16) 


Supply Guide free \ 


send for it / 





Allied Redid 


ALLIED’S *“ a 


No.i3s 


COMPLETE 268-PAGE | 


4 CATALOG 
19545 the World’s Largest Stocks of 


We wade ELECTRONIC SUPPLIES FOR INDUSTRY 


Electronic Simplify the purchasing of all your electronic supplies and 

plify r 
Equipment equipment. Send your orders to us at ALLIED—the reliable 
for Research, one-supply-source for all your electronic needs. Depend on 
Development, us for quick shipment from the world’s largest stocks of 
Maintenance special-purpose electron tubes, test instruments, audio — . . 
and Production equipment, electronic parts (transformers, capacitors, con- Nonindicating Meter Relay 
Operations trols, etc.) and accessories everything for industrial and Assembly Products, Inc., Box 191, 
communications application. We make immediate shipment : : a OT ick 
COMPLETE EXPERT from complete quality lines that are always in stock. Send | Chagrin Falls, Ohio. The nonindicat- 
adwetitel Service today for your FREE copy of the 1954 aLLiEp Catalog—the iy meter-relay is a moving-coil relay 
complete up-to-date guide to the world’s largest stocks of “i ; 
Electronic Supplies for Industrial and Broadcast use. with self-locking contacts. Accuracy is 


better than 1% of specified current or 
ALLIED RADIO CORP. voltage for most values. Operating 


100 N. Western Ave., Dept. 57-K-3 ranges are 0.2 wa to 50 amperes and 
Chicago 80, filinois 0.05 mv to 500 volts; higher values can 





be handled with external resistors. 
Internal or external rectifiers can be 
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Normal 


contacts have ratings up to 100 ma, 


supplied for a-c applications. 


heavy-duty 


(P-17) 


d-e, for make’ only; 


contacts are available. 


Relay Controls 


Para Laboratory Supply Co., 221 N. 
Hermitage Ave., Trenton, N. J. These 
relay low- 


reuits are designed for 


sensing-current operation of sensing 
elements used in temperature, liquid- 
level, and flame control and in auto- 
matic gaging. With the relays, sensing 
elements do not carry more than 0.1 wa 
100 


avail- 


through a maximum resistance of 
megohms:; modified circuits are 
able where the maximum current may 
be 0.01 or 0.001 va through a maximum 
Various 
available with 2 or 3 load 


resistance of 500 megohms. 
models are 
receptacles and load capacities of 15 


or 30 Models are provided 


amperes. 


with without 3-position switches 
normally open, and normally 


mperation. (P-18) 


R-F Power Supplies 
83-56 Vietor 


These power 


Neutronic Associates, 
Ave., Elmhurst 73, N. Y. 
be reversed in polarity by 

the front Models 

| R-22M, unregulated, have 

+30 kv with 2 ma at 18 kv 

at 20 kv, respectively. 

t-22CR and R-22MR, regu- 

5%, have a 5-30 kv range 
(P-19) 


panel, 


current capabilities, 


Transistors 


RCA Victor Div., Radio Corporation of 
America, Camden, N. J. 
ontact 


Two point- 
ii two junction-type tran- 
Point-contact 
ire RCA-2N32 for large-signal 


tions, such as pulse or switching 


iff available. 


computers, counters, and on-off 
RCA-2N33 for 


oscillator at 


and use 


frequencies up 
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New Kewaunee No. 3604 Provides 


Safe Handling of Radioactive and Toxic Materials 
Lower Heating-Ventilation Costs 


e Low air velocity requirement of only 50 
ft. per minute through face of hood, with 
a 24” sash opening, provides air discharge 
of 500 C.F.M. at hood. This is 44 to 4% 
less velocity than conventional type hoods 
require for safe operation, and effects 
large savings in heating and ventilation 
costs. 

e Automatic bypass insures constant vol- 
ume of air removal from room. 

e Entire hood is stainless steel, ground and 
polished to satin finish for easy cleaning 
and decontamination. Hood exterior and 
cabinet work of cold rolled, Bonderized 
steel with baked enamel finish. 

e Working surface of 14 ga. stainless steel, 
supported by structural steel grating, allows 


use of lead bricks for shielding. Entire 
surface forms watertight, *%” pan to retain 
spillage. 5” diameter cupsink integrally 
welded to worktop. 

e Service controls for blower, air, gas, 
water, vacuum and electric current (110v 
and 220v) located on exterior for remote 
control. 

e 14" thick safety glass sash is completely 
framed to protect against breakage— 
counter-balanced for smooth, easy raising 
and lowering. 

e 8414” overall height, with base units, 
accommodates low ceilings. Other dimen- 
sions: length 6 ft.; width 38 in. (excluding 
valve handles). 


Write for descriptive literature and drawings 
on the new Kewaunee 3604 Fume Hood 


We also manufacture all types of Stainless Steel Equipment for Radioactive 
Laboratories. Laboratory Tables, Sinks, etc. for all types of Laboratories. 


Manufacturers of Wood and Metal 
Laboratory Equipment 


Representatives in principal cities 


Want more information? 


Use post card on last page. 


J. A. Campbell, President 
5083 S. Center Street © Adrian, Michigan 
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was selected. 


drift is to be avoided. 


For further Information and 
Test Data concerning . 
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STABILITY 


in RESISTOR APPLICATIONS 


Stability refers to the 
ability of a resistor 
to retain its ohmic 


value during its entire useful life, and under varying 
conditions. Tolerance, on the other hand, is simply a 
statement of the ohmic limits within which the resistor 


WELWYN Resistors are formed by a pure, homoge- 
neous carbon film. Through the development of 
special manufacturing techniques, and through the 
use of post-manufacture processes and controls, 
Welwyn has succeeded in producing resistors of 
+ 1% stability. wELwyN High Stability Deposited 
Carbon Resistors are recommended wherever value 


WELVaTIN 


High Stability 


DEPOSITED CARBON RESISTORS 


Write to Dept. CK-2 


ROCKBAR CORPORATION, 215 East 37th Street, New York 16, N. Y. 








Hi-D 
LEAD GLASS WINDOWS 
IN CONCRETE WALLS 


* TRADE 
MARK 





Hi-D Lead Glass Windows in con- 
crete walls are dry, and hence are 
completely dependable. Where the 
viewing problem is mainly wide- 
angle vision, Hi-D Glass is fully com- 


petitive in price with zinc bromide. 





LARGER SIZES NOW AVAILABLE 


Send for circulur GS-3A 
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« » » Decontaminating Agent for 
Radioactive Deposits 


Once anything has been made 
radioactive, there is no way to 
destroy this radioactivity. But, 
radioactive contamination which 
is usually a deposit of insoluble 
compounds (metallic oxides) can 
be solubilized (chelated) with 
Versene and washed away with 
large volumes of water. This re- 
sults in great dilution and re- 
moves the danger. For deposits 
on exposed surfaces the addition 
of a good detergent formulation 
is recommended. In living or- 
ganisms Versene has been used 
experimentally to detoxify heavy 
metals and to help remove radio- 
active deposits. Send for sample. 
Write Dept. I for Technical 
Bulletin No. 2. Chemical counsel 
available on request. 


*Trade Mark Registered \- 


BERSWORTH CHEMICAL C0. 


FRAMINGHAM, MASSACHUSETTS 


‘ 
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ito 50 Me. RCA-2N34, P-N-P, and 
| RCA-2N235, N-P-N, junction types are 
| designed for low-power audio-frequency 


applications. (P-20) 


| Reversible Balancing Motor 


Industrial Div., Minneapolis-Honey- 
| well Regulator Co., Wayne & Windrim 
Aves., Philadelphia 44, Pa. This re- 
versible two-phase balancing motor, 
rated at 333 
‘applied to recording instruments, re- 


rpm, no-load, can be 
mote-control devices, and other appa- 
ratus requiring positive positioning by 
a motor operated from an electronic 
amplifier. It provides sufficient torque 
to drive a recorder pen carriage full 
1.8 sec. The 
lubricated; an air vent relieves the oil 
It is designed for 

(P-21) 


scale in motor is self 
seal from pressure. 
use at 20-175° F. 


High-Voltage-Breakdown Tester 


Industrial Instruments, Inc., 89 Com- 
merce Rd., Cedar Grove, N. J. The 
|model P-7-20 high-voltage-breakdown 
tester supplies 0-20,000 volts, a-c or 
d-c, at low current drain. Maximum 
d-e current is 15 ma. Cutoff control 
is provided so that power is turned off 
when load current exceeds any preset 
value from 5 to 20 ma. Load current, 
d-c voltage and peak a-c voltage are 


read directly. (P-22) 


Magnetic Tape Recorder 

Raytheon Mfg. Co., Waltham 54, 
Mass. This computer magnetic tape 
mechanism, for recording and storage 
of digital data, may be operated auto- 
matically by pulsed input signals or 
controlled manually by a front-panel 
switch. The mechanism moves from 
stop to start or vice versa in <5 msec. 
The magnetic head has six narrow-gap 
channels with high-frequency response. 
Power supply is built in. Slack and 
tension control of the tape is automatic. 
1 ,000-ft mounted on 


coaxially-driven shafts. (P-23) 


Two reels are 


LITERATURE AVAILABLE 


Electronic instruments. 
speciiicat ions on line of power supplies, 


Catalog gives 


oscilloscopes, rheostats and microme- 
Beta Electric Corp., 333 E. 108rd 
York 29, N.Y. (L-1) 


Photo-recording manual. ‘‘ Tech- 
niques of Photo-Recording from Cath- 


ters 
St., Neu 


ode-Ray Tubes” reviews problems and 


associated solutions encountered with 
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Allen B.D" Mont 
760 Bloomfield Ave., 
(L-2) 


cathode-ray 


patterns. 
Tn - 


Laboratori 


Clifton, N. J 


Bulletin 15C 
ind describes line of seales, 


Weighing equipment. 
llustrates 
and accessories. 
ientific Co., 1700 Irving Park 


ago 18, Ill. (L-3) 


balances weights, 
Central S« 


Rd.. Chiu 


Spectrophotometry. ‘‘What Every 
Executive Should Know about Spectro- 
photometr) ” tells 
photometer is, how it works, and what 


what a spectro- 


in selecting an instrument. 
I ne., S. 


to look fo 
Beckmar 


dena, Calif. 


Pasa- 


(L-4) 


Instruments, 


Measuring equipment. Catalog 
GEC-1016A 


more than 115 testing and measuring 


contains information on 
iboratory and production- 
General Electric Co., Schenec- 


tady 5 r. (L-5) 


Glass-bondedmica. ‘From One 
Machinist to Another” tells how to 
‘thine glass-bonded mica. Mycalex 


erica, Clifton Blvd., Clifton, 


( orp. of 1? 


V.J 


‘‘Dag"’ dispersions. Pamphlet lists all 
current dispersions, including colloidal 
graphite, molybdenum disulfide, ver- 
nd zine oxide. Acheson Col- 


. Port Huron, Mich. 


miculit 
loids Co 
Pam- 


remote 


Remote-control equipment. 
phlet describes ‘‘Multi-Gate”’ 
supervisi control system for organ- 
izations that have widespread facilities. 
Hammarlund Mfg. Co., Inc., 460 W. 
34th St. New York 1, N. aa (L-8) 


Folder 
for 
volume electroplating precision com- 
American Electro Products, 
T} omaston Ave o 


Electroplating components. 
describes ‘‘Cantavone”’ process 
ponents. 

Inc.. 1358 
Conn (L-9) 
Induction-motor starters. Builetin 
14B7733 tells how to select the right 
starter for squirrel-cage 
Or less 


Vilwaukee, Wis. (L-10) 


S. 70th St 


Laboratory electronic equipment. 
Catalog gives specifications on attenua- 
tion networks, resistor units, volume- 
level indicators, transmission-measur- 
lrequency meters, 
191 Ave., 


(L-11) 


ing sets, amplifiers, 


et Daven Co.. Central 


Newark 4, N. J. 


Aliphatic amides. ‘‘Armids”’ de- 


scribes chemical properties and appli- 
s of these high molecular weight 
Armour and 


acid derivatives. 
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Send for 


(L-6) | 


(L.-7) 


Waterbury, | 


induction | 
motors rated up to 600 hp at 600 volts | 
Allis-Chalmers Mfg. Co., 1316 


wostarenn 


ee 
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the new 


you'll want this 
new guide to 


the worlds 


oa 


TRANSFORMER AND 
FILTER REACTOR CATALOG 


easier to use, more complete than ever 


You'll find more than 500 units 

listed in the new CHICAGO Catalog 
... transformers for every application 
... presented in one complete, 
easy-to-use specification guide, 
covering the following categories: 


@ MIL-T-27 Hermetically-Sealed 
Transformers 
@ New Equipment Transformers 
@ Television Replacement Transformers 
@ General Replacement Transformers 
@ Control & Power Circuit 
Transformers 


You'll want this new CHICAGO 
Catalog for handy reference. It 
provides a wealth of terse factual 
information on CHICAGO 
Transformers for original or 
replacement use in the radio, 
electronic, electrical, aeronautical, 
geophysical, and automotive 
industries. Use this Catalog as your 
buying guide to the World’s Toughest 
Transformers . . . depend on your 
CHICAGO distributor for prompt, 
efficient service. 


2 ee ee eee 


CHICAGO TRANSFORMER 


DIVISION OF ESSEX 


WIRE CORPORATION 


3501 W. Addison Street + Chicago 18, Illinois 


Want more information? 


Use post card on last page. 
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OPTICAL SYSTEMS 


@e@eaeeeeesceeeeeeeeeeeeeeeeees 


INDUSTRIAL 
PERISCOPES 















































DESIGN 
DEVELOPMENT 
MANUFACTURE 





i‘ a 


For nearly half a century Koll- 
morgen has designed, developed 
and manufactured precision op- 
tics and optical systems for in- 
dustry and the military. 


We have the engineering “know- 
how”, the design personne! and 
the manufacturing capacity to 
help you solve your optical 
problem. 


KoLfaorcen @ 


Cal CORPORATION 


Plant: 347 King Street »« Northampton, Mass. 
New York Office 
30 Church Street 
New York 7, N.Y. 
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Co., Armour Chemical Div., 13855 W. 
81st St., Chicago 9, Ill. (L-12) 


Ceramic properties. Chart 531 lists 
mechanical and electrical properties of 
AlSiMag Lava 
Corp., Chattanooga 5, Tenn. (L-13) 


ceramics. American 


Plastic pipe. Folder gives specifica- 
tions of corrosion-resistant plastic pipe. 
Anesite Co., 3575 Touhy Ave., Chicago 


45, Til. (L-14) 


Filters. Sheet describes cylinder-type 
disk filter and down-flow filter; dou- 
ble permits use of 
filter media. Ertel Engineering Corp., 
Kingston, N. Y. (L-15) 


closure various 


Liquid-level control. Folder LL4-453 
describes single-thyratron electronic 
liquid-level control operating without 
radio frequency from a single-capaci- 
tive-type probe. Thermo Instruments 
Co., 1166 El Camino Real, Belmont, 
Calif. (L-16) 
High-purity copper. Sheet gives data 
on Cuprovac-E, gas-free high-purity 
properties suited for 
National 
Dr., 


(L-17) 


copper with 
vacuum-tube 


Research 
Cambridge, Mass. 


manufacture. 


Corp., 70 Memorial 


Wire-wound resistors. Bulletin C-1 
gives data on tubular and flat resistors. 
International Resistance Co., 401 N. 
Broad St., Philadelphia 8, Pa. (L-18) 


Electroplated gold. Pamphlet gives 
information on electroplating gold to- 
gether with other properties of gold. 
Technic, Inc., 39 Snow St., Providence, 


i as (L-19) 


Mixed-bed demineralizers. Bulletin 
126 explains how a mixed-bed de- | 
mineralizer operates in producing high- 
purity water by ion-exchange method. 
Barnstead Still & Sterilizer Co., 222 
Lanesville Terrace, Forest Hills, Boston 
31, Mass. (L-20) 


Vacuum furnace. Catalog 770 dis- 
cusses processes now being carried out 
in the 3 types of vacuum furnaces 
being built. F. J. Stokes Machine Co., 
Vacuum Equipment Div., 5500 Tabor 


Rd., Philadelphia 20, Pa. (L-21) 


Temperature controls. Bulletin 101 
describes controls for high-temperature 
alarms and up to 
Burling Instrument Co., 6 
South Orange, N. J. (L-22) 


safety cut-outs 
1,800° F. 
Ave., 


V ose 


High-vacuum pumps. Catalog 750 in- 
tables of formulas, 


and conversions used in vacuum proc- 


cludes constants, 


@eeeeseeoecevesesecesecsecsees OSSINE: solutions to problems of pump 


90 


Want more information? Use post card on last page 
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McGRAW-HILL 
TECHNICAL WRITING 
SERVICE 


TWS offers you a single 
INTEGRATED publishing 
service prepared to under- 
take a project from research 
and planning through fin- 
ished manuscript and art, 
typesetting, mechanical 
preparation, printing and 
binding. Whatever the situ- 
ation, whatever the type of 
literature you need, our edi- 
torial and art consultants can 
help you, bringing to your 
most specialized job the 
craft and skill of publishing 
experts. 


WRITING EDITING 
ILLUSTRATING 
PRINTING 


TO YOUR OWN OR 
GOVERNMENT SPECIFICATIONS 








Whether you need an in- 
struction book or service 
manual, to accompany your 
equipment, written to gov- 
ernment specifications . . . 

. or product catalogues 
or training booklets . . . or 
annual reports . . . or com- 
pany histories . . . our writ- 
ing staff can do the job for 
you, our artists can create 
and execute the illustra- 
tions. And McGraw-Hill 
printing, binding, and paper 
resources are among the 
best in the country. 


SAVE MONEY AND TIME 


LET OUR STAFF BE 
YOUR STAFF FOR 
TECHNICAL and BUSINESS 
PUBLICATIONS 


ASK 


OUR REPRESENTATIVE 
TO CALL 


Write + Phone 


Technical Writing Service 
McGraw-Hill Book Co., Inc. 


330 W. 42nd St., N. Y. 36, N. Y. 
LOngacre 4-3000 
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anew FAST) Scmrer 


0.1 Microsecond Resolution 
SPECIFICATIONS Model 410 


INPUT CiRCUIT: 

POLARITY: Positive pulses only. 

AMPLITUDE: Minimum omplitude of 5 
volts required at low counting rates, 
increasing to 10 volts minimum at 
the maximum counting rate. 
REQUIRED RATE OF RISE: Minimum 
of 10 volts per msec. 

INPUT IMPEDANCE: Greater than 5000 
ohms. 

RESOLVING TIME: 0.1 msec. 

MAXIMUM ACCEPTABLE UNIFORM RATE: 
10mc or 107 counts/second, no 
lower limit on counting rate. 

SCALING FACTOR: Neon light interpo- 
lation for’ reading residual counts. 

OUTPUT: 

POLARITY: Positive or Negative pulse 
selected by front panel switch. 
PULSE CHARACTERISTICS: Triangulor 
pulse of approximately 1 msec. rise 
time, 4 ~isec. width and 50-60 volt 

amplitude. 

POWER REQUIREMENTS: 105-125 volts, 
50-60 cycles, approximately 175 
wotts. 

SIZE: 10-1/2” x 19” x 13” deep 
Complete literature on request 
ELECTRICAL & PHYSICAL 


INSTRUMENT CORP. 
42-19 27th Street, L.1.C. 1,.N. Y 








WHERE TO BUY 




















HIGH 
VOLTAGE 
POWER 
SUPPLIES 


Available in ranges from 

2,500 to 25,000 volts D.C., with or without 
built in meters. Regulated or unregulated 
types available. Delivery good on all 
standard models. 


Send for catalogue N 
PRECISE MEASUREMENTS CO 
KINGS HIGHWAY ' KLYN 


e ¢ 





Larger Sizes Now Available 
HI-D* LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls. 

*Trademark 
PENBERTHY INSTRUMENT CO. 


666-8 Adams S: Seattle 8, Wo 








New Advertisements 


received by October 9th will appear in the 
November Subject to limitation of 
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Address copy to the 
Classified Advertising Division 
Nucleonics 
330 West 42nd Street, New York 36, N.Y. 
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selection; and information on oil puri- 
fication and other pump maintenance. 
F. J. Stokes Machine Co., 5500 Tabor 
Rd., Philadelphia 20, Pa. (L-23) 


Galvanometer selection. Bulletin is 
guide to selection of galvanometers and 
recording oscillographs for use with 
| pressure and 
| Trans-Sonics, 


Bedford, Mass. 


temperature 
Tnce., 
(L-24) 


'Furnace and oven control. Catalog 
| P1255 potentiometer 
millivoltmeter 
trollers and indicators. 


Waterbury 20, Conn. 


describes 
type pyrometer con- 
The Bristol Co., 


(L-25) 


Recording sulfur concentration. Bul- 


letin CEC 


tinuously recording concentration of | 


|sulfur compounds in gas streams or 
atmosphere. Consolidated Engineering 
Corp., 300 N. Sierra Madre 


Pasadena 15, Calif. (L-26) 


Strain-indicator. Bulletin 4103 
scribes portable strain indicator. 


Baldwin-Lima-Hamilton Corp., Phila-| 


delphia 42, Pa. * (L-27) 


Shock machine. 
data on machine for calibrated shock 
tests peak 
The 879 


Watertown 72, 


Bulletin 533 presents 


acceleration. 
Pleasant St., 
(L-28) 


up to 77g 
Barry Corp., 


Mass, 


Corrosion-resistant chemical equip- 
ment. Bulletin BMA-5 3-53 5M de- 
scribes Chemplas phenolic resin piping, 
towers, pumps, etc., for high-tempera- 
ture corrosion resistance. General Ce- 
ramics Steatite 
Equipment Div., Keasbey, N. J. 


Chemical 
(L-29) 


and Corp., 


INDUSTRY NOTES 


P Atomic Instrument Co., 84 Massachu- 


setts Ave., Cambridge,- Mass., has 


pickups. | 
Bedford Airport, | 


and 


1810B describes Titrilog | 
eabinet and portable models for con-| 


Villa, | 


de- 


QA 


cc 








A completely self-contained and portable 
instrument for the measurement of Fast 
Neutrons of energies 0.5. to 2MeV. 
Scale . . . Logarithmic, calibrated 0-100 
tolerances 

Simple operation ... only 2 controls 
Special feature .. . Battery pack can be 
removed and replaced by mains-operated 
unit 

Instrument fully sealed and suitable for 
use in all climates. 


appointed Rudolph Grave, A/B, Stock- A NEW 


handle sales in 
Norway 


Electric & Engineering Co., Bombay, 


holm, Sweden, to 


Sweden and and Eastern 


to handle sales in India. 


Consolidated Engineering Corp., 
Analytical Service Dept., 300 N. Sierra 
Madre Villa, Pasadena 8, Calif., offers 

leak-detection for 
either 


a custom service 
tests ol 


prototypes. 


vacuum or pressure 


P Radiation Instrument Development 
Laboratory, 2337 W. 67th St., Chicago 
36, Ill., has expanded its glass-working 
facilities for the manufacture of spe- 
cial items, including liquid-scintilla- 
counter 


tion-phosphor containers, 


shells, and Marinelli beakers. 


Want more information? Use post cord on last page. 


HEALTH (NSTRUMENT 


Other Instruments available 

Scintillation Probe Units 

Portable Beta Gamma 
Radiation Monitors 

Rate Meters 

Pulse Amplifiers 


Nucleonics Division 
BURNDEPT LIMITED 
ERITH KENT ENGLAND 





91 





COMPLETE 


~ ed oe 








MODEL 15 


SCINTILLATION 


The Model 15 Basic Laboratory—the only one of its kind 
is NEW and introduces a completely new concept in 
scintillation counting apparatus. 


Non-overload amplifier with gain of 2500. 


High voltage regulation of .005 for 1% change in line voltage. 


Utilizes a 5651 reference tube for exceptionally good long term 
stability. 


Will accommodate anthracene, sodium iodide, and other crys- 
tals as well as thermal neutron crystals. 


May be used as an integral type pulse height analyzer. 


May be had with | microsecond resolution. 


® Model 15 has 500 to 1500 volts negative high voltage supply. 
® Model 15A same as above but with 500 to 1500 volts positive supply. 


For complete information write for descriptive literature. 


nstrument Development Laboratory 


’ ‘ 


Want more information? Use post card on last page. 
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ATOMIC ‘ 
= ALERS 


@ Contains all feotures common to the Ten-Ten Series, plus the following special features; 
Built-in linear amplifier, flat response from 10KC to 1.5 MC 

Resolving time: Binary, 5 microseconds to 200KC; decade, less than § microseconds to !100KC 
Scale selector switch: 10-40-100-400-1000 or 16-64-256-1024-4096 

GM Probe input: 0.25 volt moximum sensitivity; 1 millivolt sensitivity through built-in lineor 
omplifier 

Attenuator for L.A. gain control: ratios, 1:1, 112, 1:4, 1:8, 1:16,-and 1:32 

Pulse height discriminator, precision calibrated —50 to +100 volts 

Regulated high voltage supply: 500-3000 volts 

Electrically reset register, automatically resets with scaling stages. 

Automatic-manval control switch 

Provision for: predetermined count, preset time, remote control, cascading and count rate meter 
@ Mode! 1030A has the same feotures as Model 1050A, except that it has 0.25 volt input 


sensitivity only 


anne 


ome 


MODEL 
1070A 
MULTISCALER 


@ Contains all features common to the Ten-Ten Series, all features of Model 1050A, (listed above) 
plus the following special features 

Built-in lapsed time clock: automatic reset, 0-60 minutes 1/100 minute divisions 

Built-in timing clock: presets from a few seconds to 20 minutes, accuracy +1! second 
Electrically reset 4 digit register; with preset count switches, permits counting to 10X, 100X, or 
1000X scale selector setting. Automatically resets with scaling stages. 

Automatic operation selector switch with choice of preset time, predetermined count or manval 
operation 


@ Mode! 1060A hes the some features as Model 1070A, except that it has 0.25 volt input 
sensitivity only 

Other more simplified models of the Ten-Ten Series (1010A, 1020A, 1040A) are available, 
with scale of 100 or 256 


Find out v-hich model of the Ten-Ten Series is best suited to your needs. Write today for 
the descriptive bulletin 10-1. 


ATOMICSE Eee 


84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS. 














Linear Amplifiers, Scalers, 

High Voltage Suppli intillation Counters, 

Count Rate Meters, Coinsid and Anticoincid t ti 
Differential Pulse Height Analyzers, Accessories 








ee to fit your needs without 
high “custom design’ costs 


There's no need to purchase high-cost ‘‘custom design’’ 
scalers to fulfill your porticuler scaling needs. Now, with 
Atomic's Ten-Ten Series you hove a regulor production 
model scaler at modest cost, But with odded feotures buill . 
into each of the seven models to modify the unit te | 
your specifications. : 
These features ore included in all models of the Ten-Ten Series: | 
@ Plug-in scoling strips, interchangeable optional decode 

Seale-of-10 and binary Seole-of-16 ernseairles lone or the 

other only). ; 





Plug-in input strip with preamplifier, true Sa pulse 
hotehe dicerimninater and gating circuits. 


External eS input for attachment of special pres’ 
pp quired plate and filament voltages. 


feat adios switches include: Count ‘‘ON-OFF"’ switch, 
reset switch ond 60-cycle test switch. K 


Built-in regulated high voltage supply with regulation of 
0.01% per percent line variation ond 0.5% repens 
from rero te full load. 


High voltage does not overshoot during warmup and mey | 
be switched off and on without danger to counting tube. 


High voltage output on front pane! mokes fa of low 

energy storage ‘‘safety’’ supply ‘ 
‘Flutter Free'’ 5651 voltage reference tube. - 

Electrically actuated register of proven design. 
Register drive output for attach t of ext 
Scope connection to input of discriminator. 

Test points on each strip for scope observation of oviputs. 

Ovtput for elapsed time clock controlled by count switch. 

S8 SS EOE Se ee eae eee eee 


" 


Series is the helical disc Pp 











| registers. 











PULSE 
HEIGHT 
ANALYZERS 


Model 510 Single Channel Differential Pulse Height Analyzer 
— for pulse amplitude distribytion studies with channe! base 
line adjustable to 100 volts ond window settoble from 0 to 7 
volts. Con be used with Mode! 204 Linear Amplifier ond any 
of Atomic's Scalers to meet many nuclear loboratory needs 
NEW Model 520 Twenty Channel Differential Pulse Height Ana- 
yzer — takes occurate data on the amplitude distribution of 
electrical signals, having rondom omplitude and time distribu 


tions 
Te 


LINEAR 
AMPLIFIERS 


eae ee ui Lineor Amplifier — tor use with ionization 
ond proportional counters. Dual at- 


ibretad 





litud *, 


vise diseri 

Low and high level Ss self-contained power supply, pre- 
vision for p Has seporcte input time constant and 
rise time controls. 

Al — with rise time to 0.02 microseconds, gain 
to v . er omplifiers based on newest Al circuit alse 
available. 














SALES REPRESENTATIVES 


RON MERRITT COMPANY — Seattle, Washington 
RESEARCH EQUIPMENT & SERVICE — Chicago, Iilinois 
KITTLESON COMPANY — Los Angeles 46, California 
Branch Offices — Son Francisco, California — Albuquerque, New Mexico 
PROFESSIONAL EQUIPMENT CO. — New Hoven, Conn. 
Branch Office — 149 Broadway, New York, N.Y. 
W. A. BROWN & ASSOC. — Alexondric, Virginio 
Branch Offices — Atlonto, Georgia — Charlotte, N. C. — Tampa, Fie. 
— Greenville, $. C. — Birmingham, Alo. 
CANADIAN MARCONI, LTD. — Montreal, P. O., Conado 


Branch Office — Toronto, Ont., Canada 


Want more information? 


Use post card on last page 
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nuclear-chicago offers 


‘35 (GC compouNDs... 


INTRODUCING 


. , ‘ds 
Biosynthetic Amino Acid 

, -Serine 
Lavan a i ane 
rs a acid L-iso Leucine ae 
eal id L-Lysine - 
oa ae t phenylalanine pote y ae 
aan L-Proline Alg 
L-Histia! 


at 2-9 nillicuries/millimole , 
unds 
Pi iivs Labelled Benzene Compo 


Benzene (uniformly 


Yr Synthetic Amino Acids 


pi-Valine-4-Cr, % 
Ot a(3.4-Dihydroxypheny) alanine-2- 
|minodi(acetic acid-2-C 


...TO MAKE THE MOST COMPLETE C'* COMPOUND LIST 


NOW AVAILABLE 
21 Acids and derivatives 


16 Biosynthetic amino acids 
8 Alcohols and derivatives 8 Ring labelled compounds 
6 Inorganic compounds 4 Carbohydrates 
10 Synthetic amino acids 


12 Miscellaneous compounds 
Write for your free ChemRad sheet containing information on specific 
activities, prices and package sizes. 


nuclear INSTRUMENT & CHEMICAL CORPORATION 
235 West Erie Street . Chicago 10, Illinois 
Also: New York, N. Y.— Los Angeles, Calif.—Silver Spring, Md. 
Earl Lipscomb Associates, Dallas and Houston 
Export Department: 13 East 40th St., New York 16, New York 


nuclear- chicago 
“PRECISION INSTRUMENTATION 
Cable Address: Arlab, New York 


FOR NUCLEAR MEASUREMENTS* 


Want more information? Use post card on last page 





